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sensing element which is free from positioning error of 
sensing ambient temperature and gas density and can 
accurately sense the gas flow even if the environmental 
conditions sharply change. An output voltage Vi propor- 
tional to an ambient temperature is obtained by heating 



a sensing element at low temperature and an output volt- 
age V2 proportional to the ambient temperature and 
humidity by heating the sensing element at a high tem- 
perature. An output voltage which is proportional to the 
humidity is obtained by subtracting the voltage value Vi 
from the voltage value V2. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a atmosphere s 
measuring device and more particularly to a self-com- 
pensating type atmosphere measuring device which is 
capable of measuring the density of gas according to a 
differential resistance of a resistor heated with low and 
high electric powers in an ambient atmosphere to be io 
measured, and which is suited to use in various meas- 
uring devices such as for example hygrometers, gas 
chromatographs. vacuum gauges, dew-point hygrome- 
ters, hot-wire anemometers and so on. 

It is well known that the density of a specified gas is 
contained in a mixed atmosphere can be thermally 
detected on the laasis of a difference of thermal conduc- 
tivities of the gas. which varies depending upon its 
molecular weight. Among atmosphere measuring 
devices working on this measuring principle, hygrome- 
ters find particularly extensive application, for example, 
as humidity controllers for quality control in the produc- 
tion process of electronic parts (e.g.. semiconductors), 
optical precision devices, fibers, foods and other goods, 
and as sensing terminals for environmental control in 
hospitals, buildings and like installations. 

In view of these circumferences, a hygrometer will 
be described below as a preferred embodiment of the 
present invention, but the present invention is not limited 
to said application and wndely relates to general atmos- 
phere measuring devices for measuring the density of a 
mixed gas and. more practically, to above-mentioned 
various measuring devices. 

Hygrometers are roughly classified into two groups 
according to measuring principles - one is electrical var- 
iation detecting type and the other is mechanical varia- 
tion detecting type. Both types pose problems on their 
reliability and duration of life, and many of them have 
poor response characteristics. 

The electric hygrometers using the thermal conduc- 
tivity of gas are known to be of high response and high 
reliability. The heat that flows in unit time in the normal 
direction passing an upper and a lower planes of a spec- 
ified cross section of an isotropic body is proportional to 
the temperature gradient and the cross-sectional area. 
This proportional constant Is thermal conductivity. The 
thermal conductivity of a gas Is a function of isopiestlc 
specific heat that is further a function o1 the gas molec- 
ular weight. Therefore, the thermal conductivity of only 
air differs from the thermal conductivity of air containing 
therein moisture and gas components having different 
molecular weights. There is such a hygrometer which, 
utilizing a difference of thermal conductivities of gases, 
determines the humidity of an ambient atmosphere by 
measuring a change in resistance of a sensing element 
(resistor), which is caused by a heat radiation from the 
heated resistor into the atmosphere. 

In a practical hygrometer, a temperature-compen- 
sating element which has a resistor mounted in a closed 



compartment filled with dry air at a constant pressure 
and a sensing element which has a resistor exposed to 
an atmosphere whose humidity is to be measured are 
disposed close to each other. Both resistors are heated 
with a constant electric power and change their resist- 
ance values. A change of resistance by the effect of the 
humidity (moisture content of the atmosphere) is deter- 
mined by reducing the resistance value of the tempera- 
ture compensating element from the resistance value of 
the sensing element. 

However, the hygrometers which use a combination 
of a two elements (a temperature-compensating element 
and a humidity-sensing element) have such a common 
problem that the temperature-compensating element, if 
being filled with dry air at a pressure other than the spec- 
ified constant pressure, can not serve as a reference. If 
the dry air has a different pressure, its thermal conduc- 
tivity changes and the temperature sensing element has 
a different temperature-sensing characteristic. 

Furthermore, the specified pressure of the dry air in 
the temperature compensating element serves as a ref- 
erence for compensation of measurement when sensing 
the humidity of an atmosphere, but thermal conductivity 
of the dry air may vary with a change of the ambient pres- 
25 sure (of an atmo^here containing a moisture), reducing 
its effectiveness of the reference. Accordingly, the 
humidity of the dry air and the dry air filling conditions 
shall be very strictly controlled because any variation of 
these conditions leads to variations of the characteristics 
30 Of the products. Furthermore, a combination of a sensing 
element with a temperature-compensating element 
requires complicated matching operations. All the 
above-mentioned facts lead to decreasing of the yield of 
products. 

35 The pressure of the dry air charged in an enclosure 
of the temperature-compensating element is constant, 
but the ambient atmosphere may change its pressure 
under different meteorological conditions (e.g., at a high- 
land place) and its thermal conductivity. If the pressure 
40 Of the dry air in the enclosure of the temperature-com- 
pensating element can vary according to the working 
conditions with change of the outside air pressure, the 
temperature compensation is possible. But, sealing caps 
of prior art devices are not so flexible in its material and 
45 construction as it may be deformed to change its inner 
pressure with change of the atmospheric pressure. Con- 
sequently, the prior art devices can not get the correct 
value of the humidity under the above-mentioned condi- 
tions. When the atmosphere to be detected is partially 
50 dense and the sensing element and temperature-com- 
pensati ng el ement are widely separated from each other, 
detection signals represent only comparison values 
obtained at separate (not the same) positions and they 
can not be accepted as the data obtained under the 
55 same conditions. Therefore, it is desired to dispose the 
sensing element and the temperature-compensating 
element at a possibly minimal distance to each other. For 
instance, it has been proposed to anange these ele- 
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ments on one substrate, but further close arrangement 
of the elements has been still required. 

The above-mentioned conventional atmosphere 
measuring devices, each using a combination of a sep- 
arate sensing element and a separate temperature- £ 
sensing element, have such drawbacks that they can not 
be applicable for wide range of humidity measurement 
and can not attain a higher sensing performance if ele- 
ments have not matched characteristics of resistance 
(volt-ampere characteristic), resistance temperature i 
coefficient, response time (building-up time) and aging. 
These severe requirements on matched characteristics 
of paired elements lead to increasing their manufacturing 
cost because of correspondingly reduced mass produc- 
tivity and product yield and of increased man-hours. The 
conventional device consumes a relatively large electric 
energy since its sensing element and temperature com- 
pensating element are powered from respective power 
sources. 

The present invention also relates to a flow sensor j 
and, more particularly, to a flow sensor which is suitable 
for use in a thermal type flowmeter based upon that elec- 
trical resistance value of a resistor disposed in a flowing 
fluid and heated therein varies with change of the fluid 
temperature and flow rate. 

The thermal flowmeters having no moving portion 
thanks to their compactness and high-speed response 
have been now used in various fields of application. 
Recently, the thermal flowmeters have drawn the 
increasing attention as a device suited for regulating air 
flow so as to get an optimal air-fuel ratio in internal-com- 
bustion engines. A resistor heated at a specified electric 
power becomes to have a temperature at which the heat 
generated from the heating electric energy and the heat 
radiated by a fluid flow are balanced with each other. 
Consequently, the heat radiation is a function of the flow 
rate, isopiestic specific heat and density of a fluid. In any 
thermal flowmeter based on this principle, a resistor dis- 
posed in a gas flow is heated with a constant electric 
power, a measured resistance value of the resistor is 
reduced by a resistance value corresponding to a meas- 
ured temperature of the fluid to eliminate the thermal 
influence of the fluid, and the mass flow rate of the fluid 
is determined from the corrected resistance value of the 
resistor. 

Practically, any conventional thermal flowmeter 
adopts such a system in which a heater-resistor (heat- 
generating element) generates a heat and a heat-sens- 
ing resistor (heat receiving element) disposed at a spec- 
ified distance therefrom senses the transferred heat. The 
conventional flowmeter needs to use at least one pair of 
resistor elements (heat-generating element and heat- 
receiving element) which must be identical in size, spe- 
cific heat and heat capacity, thereby it involves the fol- 
lowing problems to be decided. 



[1] Variations in resistance of a heat-generating element 
and a heat-receiving element: 

(1) It is required to correctly adjust electric drcuits 
to compensate a variation of temperature (i.e.. 
resistance value) of the heat-generating element 
and the variations of temperature (i.e., resistance 
value) of the heat receiving element respectively; 

(2) Regarding the temperature balance, i.e.. resist- 
ance balance between the heat-generating element 
and the heat-receiving element, both elements are 
formed on a semiconductor substrate by using 
micro-machining technology of IC production and 
may be generally said to be combined with relatively 
high accuracy However, the elements may be of no 
use if their resistance values are not sufficiently bal- 
anced. The conventional coil type thermal flowmeter 
may use a combination of a separate heating-gen- 
erating element and a separate heat-receiving ele- 
ment, which are elected as well balanced in their 
resistance characteristics, thereby it may be manu- 
factured with higher productivity than the thermal 
flowmeter having the elements integrally formed on 
a substrate: 

(3) It is difficult to arrange the heat-generating ele- 
ment and the heat-receiving element at the optimal 
positions and at an optimal distance. The elements 
are also limited by an attainable accuracy: 

(4) Since there is a distance between the heat-gen- 
erating element and the heat-receiving element, it is 
impossible to correctly detect a difference of resist- 
ance values for a very small flow-rate of fluid; 

(5) Both the heat-generating element and the heat- 
receiving element shall have a high accuracy of tem- 
perature distribution. Any dispersion of the temper- 
ature distribution may affect a detection output 
signal and makes it necessary to additionally adjust 
each respective sensor circuit; 

(6) Increasing the number of the heat-generating 
I and heat-receiving elements increases the size of 

the substrate and the number of its output leads. 
When the substrate of an increased size is disposed 
in a stream of fluid to t>e measured, it may prevent 
the fluid from freely flowing and can not obtain the 
i correct measurement result. This also leads to 
increase of the manufacturing cost of the product. 
The accuracy of sensing a small flow rate is also 
reduced; 

(7) The increased number of heat generating and 
) receiving elements increases the electric power 

consumption; 

(8) The vertical arrangement of the heat-receiving 
element at the upper position and the heat-generat- 
ing element at the lower position in a vertically 

5 upward stream of gas may be encountered with 
such a prok)lem that even writh no flow of fluid to be 
sensed, the heat-receiving elennent generates an 
output signal, sensing an ascending current of air 
heated by the heat-generating element. This means 
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that thus oonstructed flowmeter shall be mounted 
with special consideration of its mounting conditions 
and has a limitation of its mounting places. 

[2] Regarding compensation for an ambient temperature 
when detecting a gas flow: 

(1) in a flowmeter, wherein a set of three micro- 
bridge-like elements (resistances) disposed at top. 
center and last positions from the upstream side in 
gas passage Is used to detect a temperature of the 
gas flow by the top element and a flow-rate of the 
gas by the center heat-generating element and the 
last heat-receiving element and to compensate the 
measured flow rate for variation of terrperature 
according to the information ot>tained by the top ele- 
ment, the drawbacks (1) to (8) described above in 
item [1 ] regarding the variations of resistance values 
of the heat-generating element and Vrte heat-receiv- 
ing elements become more serious: 

(2) A flowmeter, wherein a pattern of a resistor for 
sensing an ambient temp>erature is formed on a 
semiconductor substrate, can not serve to correctly 
detect af low rate because its resistance value slowly 
responses and changes with a change of tempera- 
ture of the semiconductor substrate having a large 
heat capacity, thereby the correct temperature of the 
gas at the moment of its flow-rate measurement can 
not be detected. 

SUMMARY OF THE INVENTION 

It is therefore a primary object of the present inven- 
tion to provide a temperature-compensating type atmos- 
phere measuring device which is capable of accurately 
detecting an ambient atmosphere by detecting the 
atmosphere and its temperature by the use of a single 
element, thereby eliminating the variation problem 
arisen in case of using two separate elements. 

Another object of the present invention is to provide 
an atomosphere measuring method using a single-ele- 
ment sensor which is capable of detecting both ambient 
atmosphere and atmosphere temperature, thereby elim- 
inating a measurement error problem arising in two-ele- 
ment sensor system and attaining the higher mass 
productivity of the elements with an increased product 
yield. 

Another object of the present invention Is to provide 
a single-element (resistor) sensor which is capable of 
measuring a gas flow by heating the single element with 
a small current and a subsequent large current and 
which, being free from problems of two-element type 
sensor in regard with variations of resistance values and 
temperature rising of two elements, has an increased 
production yield and an improved mass productivity in 
comparison with the prior two-element sensor. 

Another object of the present invention Is to provide 
a flow measuring method using a single-element sensor 
which is capable of measuring a gas flow by a single 



sensing element which is free from affectbn of an une- 
venness of ambient temperature distribution and turbu- 
lent of gas to be measured to attain high accurate flow 
measurements. 



Fig. 1 is a partial sectional view showing construc- 
tion of a conventional hygrometer. 
10 Figs. 2A to 2C are views for explaining production of 
a measurement error due to a response delay of a con- 
ventional hygrometer. 

Rg. 3 is a construction view of another conventional 
hygrometer. 

75 Fig. 4 is a construction view of another conventional 
hygrometer. 

Fig. 5 shows an example of an electrical circuit dia- 
gram of the conventional hygrometer shown in Fig. 4. 

Rgs. 6Ai to 6D i are views for explaining the principle 
2o of a hygrometer being as an emtxxJiment of an atmos- 
phere measuring device according to the present inven- 
tion. 

Rgs. 7A and 7B are volt-ampere characteristic 

curves of a humidity sensing element. 
25 Figs. 8Ai to 8D are views for explaining a method of 

driving a humidity sensing element of a hygrometer that 

is an embodiment of an atmosphere measuring device 

according to the present invention. 

Figs. 9A and 9B show waveforms of a current pulse 
30 and an output voltage pulse when driving a sensor with 

a large current pulse and a subsequent small current 

pulse. 

Figs. 10Ato 10D are diagrams for explaining a rela- 
tionship between a change of ambient condition and out- 
35 put characteristic of a hygrometer that is an embodiment 
of an atmosphere measuring device according to the 
present invention. 

Fig. 11 is an electrical circuit diagram showing an 
example of a driving circuit of a hygrometer that is an 
40 embodiment of an atmosphere measuring device 
according to the present invention. 

Rgs. 1 2 A to 1 2H show waveforms of signals in com- 
ponents of the driving circuit shown in Fig. 1 1 . 

Fig. 1 3 is an electrical circuit showing another exam- 
45 pie of a driving circuit of a hygrometer that is an embod- 
iment of an atmosphere measuring device according to 
the present invention. 

Figs. 1 4A and 1 4B show a two-power-source driving 
system relating to the present Invention. 
50 Figs. ISA and 15B show an example of driving cur- 

rent waveform and output voltage waveform of a hygrom- 
eter that is an entiodlment of an atmosphere measuring 
device according to the present invention. 

Rgs. 16A and 168 show another driving current 
55 waveforms of a hygrometer that is an embodiment of an 
atmosphere measuring device according to the present 
invention. 

Rgs. 1 7A to 1 7E shows a timing chart for explaining 
the operation of a driving circuit of a hygrometer that is 
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an embodiment of an atmosphere measuring device 
according to the present invention. 

Fig. 18 is an electrical circuit diagram showing an 
example ot timing generation method according to the 
present invention. ^ 

Fig. 19 shows an example of a reset circuit. 

Figs. 20 A to 20D show a time chart of the reset drcuit 
shown in Fig. 19. 

Fig. 21 is an electrical circuit diagram of a saw-tooth 
current driving circuit of a sensing element according to io 
the present invention. 

Fig. 22 is an electrical circuit diagram for explaining 
an exanple of a humidity measuring circuit driven by a 
saw-tooth current drive of a sensing element according 
to the present invention. '5 

Fig. 23 is an electrical circuit diagram for explaining 
another example of a humidity output circuit driven by a 
saw-tooth current drive of a sensing element according 
to the present invention. 

Fig. 24 is an electrical circuit for explaining an exam- so 
pie of a humidity measuring circuit using a sensing ele- 
ment according to the present invention. 

Fig. 25 is a time chart for explaining the operation of 
the circuit shown in Fig. 24. 

Fig. 26 is a perspective view for explaining another 2S 
example of a humidity (moisture) sensor of a hygrometer 
that is an embodiment of an atmosphere measuring 
device according to the present invention. 

Figs. 27A to 27D show a time chart for determining 
a humidity by the humidity sensor of Fig. 26. so 

Figs. 28A to 28C show another time chart for deter- 
mining a humidity by the humidity sensor of Fig. 26. 

Figs. 29A and 29B are partially sectional construc- 
tion views of a conventional flow meter. 

Fig. 30 is a view of another conventional flow meter. 35 
Figs. 31 A and 31 B are construction views for 
explaining an example of a flow sensor according to the 
present invention. 

Figs. 32A and 328 are views for explaining principle 
of the operation of a flow sensor according to the present 40 
invention. 

Figs. 33A and 338 are construction views for 
explaining another example of a flow sensor according 
to the present invention. 

Figs. 34A and 348 are views for explaining example 45 
of driving circuits of a flow sensor according to the 
present invention. 

Figs. 35A and 358 are views for explaining example 
of a driving current waveform and an output voltage 
waveform of a flow sensor according to the present so 
invention. 

Figs. 36 A to 36D are diagrams for explaining a rela- 
tionship between a change of ambient condition and out- 
put characteristic of a flow meter that is an embodiment 
of the present invention. 55 

Figs. 37A and 378 show other example of driving 
current waveforms and out put voltage waveforms of a 
flow sensor according to the present invention. 



Figs. 38A and 388 show other examples of driving 
current waveforms of a flow sensor according to the 
present invention. 

Rg. 39 is an electrical circuit diagram of a driving 
circuit for explaining an exanple of a flow meter accord- 
ing to the present invention. 

Figs. 40A to 40H are views showing waveforms of 
portions of tiie driving circuit of Fig. 39. 

Rg. 41 is an electrical circuit diagram of a driving 
circuit for explaining an example of a flow meter accord- 
ing to the present invention. 

Rgs. 42A to 42E are timing charts for explaining 
measurement timing of a flow meter according to the 
present invention. 

Fig. 43 is an electrical circuit diagram showing an 
example of an electric circuit for performing the meas- 
urement timing shown Figs. 42A to 42E. 

Rg. 44 shows an example of a reset circuit suitable 
to the circuit of Fig. 43. 

Rgs. 45A to 45D are time charts for explaining the 
reset circuit shown in Fig. 44. 

Rg. 46 is an electrical circuit diagram showing an 
example of a saw-tooth current driving circuit of a sens- 
ing element relating to the present invention. 

Rg. 47 is an electrical circuit diagram for explaining 
an example of a flow meter in case when a saw-tooth 
current drives a sensing element relating to the present 
invention. 

Fig. 48 is an electrical circuit diagram for explaining 
another example of a flow meter in case when a saw- 
tooth current drives a sensing element relating to the 
present invention. 

Fig. 49 is an electrical circuit diagram for explaining 
an example of a flow output circuit in case when a voltage 
pulse drives a sensing element relating to the present 
invention. 

Fig. 50 shows an example of a time chart for explain- 
ing the circuit operation of Fig. 49. 

Fig. 51 is a plan view for explaining another example 
of a flow sensor according to the present invention. 

Fig. 52 is an electrical circuit for explaining a method 
of flow measurement by the flow sensor shown in Fig. 51 . 

Fig. 53 is a perspective view for eiqataining another 
example of a flow meter according to the present inven- 
tion. 

Rgs. 54A to 54D are time charts of flow measure- 
ments using flow meters of Figs. 51 and 53. 

Rgs. 55Ato 55C are another example of a time chart 
of ftow measurement using flow meters shown in Figs. 
51 and 53. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Rg. 1 is a partial cross-sectional view showing a 
construction of a conventional hygrometer 1 0 comprising 
a temperature-compensating element 1 1 and a sensing 
element 1 2 disposed dose to each other on a high heat- 
conductivity type heat-equalizing plate 15 made of, e.g., 
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aluminium. Both the temperature-compensating ele- 
ment 11 and the sensing element 12 have respective 
resistors ^\7■^ and 172 being micro-bridges of the same 
size being disposed on respective detection chips 18i 
and I82 which are secured to a high heat-conductivity 
t^e base 16 secured on the heat-equalizing plate 15. 
Each element is provided with lead pins 1 9 insulated with 
hermetic seals. The temperature-compensating element 
1 1 and the sensing element 12 differ from each other by 
that the temperature-compensating element 1 1 has a 
resistor 17i in a seal cap 13 filled with a dry air of the 
steady-state pressure while the sensing element 12 has 
a resistor 172 exposed to ambient atmosphere through 
a gas-permeable top-mesh 14 of a cap 13. 

In the shown hygrometer, the resistor 1 7i of the tem- 
perature-compensating element 1 1 and the resistor 1 72 
of sensing element 12 are heated through respective 
lead pins 19 with a specified electric power. Since the 
resistor 17i of the temperature compensating element 
1 1 is enclosed in sealing cap 13 charged with the dry air 
under a constant pressure, it can not be affected by the 
humidity of the atmosphere and can vary its value as the 
ambient temperature changes, i.e., detecting the ambi- 
ent temperature change. 

On the other hand, the resistor 1 72 of the sensing 
element 12 are disposed in a cap 13 having the meshed 
top 14 and, therefore, it can vary its resistance with a 
change of the atmospheric humidity and temperature. 
Accordingly, by subtracting the resistance value of the 
resistor 1 72 of the sensing element 1 2 from the resist- 
ance value of the resistor 1 1 of the temperature-compen- 
sating element 1 1 it is possible to determine a change of 
resistance by the effect of the humidity of the ambient 
atmosphere. In practice, the change of the resistance is 
detected as a voltage value. 

When the ambient temperature rapidly changes, the 
temperature-compensating element 11 enclosed with 
the seal cap 13 may not change its resistance in time, 
i.e., it may delay in response to the change since there 
is an air buffer layer between the resistor 17-) ^d the 
seal cap 13, which has a small heat conductivity and 
delays the heat transfer to the element. 

On the other hand, the sensing element mounted in 
the cap 13 with the mesh 14 may directly contact at its 
resistor 1 72 with the ambient atmosphere and, therefore, 
may respond without delay to a change of the ambient 
atmosphere. If the ambient atmosphere suddenly 
changes, there may arise a difference between the ambi- 
ent temperatures measured by the sensing element 1 2 
and by the temperature-compensating element 1 1 . 

Figs. 2A to 2C are views for explaining how a detec- 
tion error arises due to response delay of the conven- 
tional hygrometer when sensing a change of ancient 
temperature. As shown in Fig. 2 A, when an ambient tem- 
perature T having been maintained at 20°C for a period 
from to to ti (0 - 0.01 sec.) suddenly rose to temperature 
T=40''C from the time t2 (0.02 sec.) and is kept thereafter 
at a constant temperature T=40''C, temperature change 
components (expressed eis voltage) of the sensing ele- 



ment 1 2 at respective moments are sensed as shown in 
Fig. 2B and tertperature change components 
(expressed as voltage) of the temperature-compensat- 
ing element 1 1 at respective moments are sensed with 

5 a considerable time lag as shown by hatching in Fig. 2C. 
For instance, if the ambient temperature evenly rises 
from T=20''C at time ti (0.01 sec), the sensing element 
12 quickly senses a change AEib in response to a 
change of the ambient temperature as shown in Fig. 2B 

10 but the temperature compensating element 1 1 detects 
still the temperature of 20'*C. While the sensing element 
12 quicMy senses the changes AEib and dE2b in 
response to changes of the ambient temperature T for 
the period ti to t2 (0.01 - 0.02 sec.) and thereafter as 

IS shown in Fig. 28, the temperature compensating ele- 
ment 1 1 does not sense any temperature change until 
the time t2 (0.02 sec.) and senses a temperature change 
AE3C after the time ts (0.03 sec.), i.e.. it can not follow up 
the changes of the ambient temperature outside the seal 

20 cap but responds thereto with a time lags. This results in 
an error of humidity detection due to the detection delay, 
which corresponds to a total of AEib, AE2b and AEsb 
minus AE3C. Accordingly, when these elements are peri- 
odically driven with a short-time electric power, a tem- 

25 perature sensed by the tennperature-compensating 
element 1 1 obviously differs from a current ambient tem- 
perature. 

Referring to Fig. 3, there is shown another conven- 
tional hygrometer 20 which differs from the conventional 

30 general-type hygrometer of Fig. 1 based on a thermal 
conductivity principle and involving a time delay of the 
temperature-compensating element 12 due to the air 
layer therein, by its construction aiming to reduce such 
a buffer air layer as the temperature compensating ele- 

35 ment 12 of Fig. 1 has. In frie hygrometer 20, a sensing 
chip 24 serving as a substrate is secured onto a base 22 
in the seal cap with a meshed top 21 and a temperature- 
compensating resistor 25 and a sensing resistor 26 are 
disposed each in form of a micro-bridge on the sensing 

40 chip 24 which is provided with a cap cover 27 internally 
separating the above-mentioned two resistors and hav- 
ing a vent 28 in the top of its portion wherein the sensing 
resistor 26 is mounted. 

Since the temperature compensating resistor 25 is 

45 disposed in the cap cover 27 with a thin air layer to reduce 
a time delay in sensing an ambient temperature, a heat 
transfer time is reduced but the temperature-compensat- 
ing resistor 25 can be said as the same with the temper- 
ature-compensating element 1 1 in regard of presence of 

50 an air layer. 

Fig. 4 is a sectional plan view showing another con- 
ventional hygrometer 30 wherein a temperature com- 
pensation chamber 31 and a sensing chamber 32 are 
disposed close to each other by the use of equalizing 

55 sleeve 33, the sensing chamber 32 with vents 34 open 
to ambient atmosphere incorporates a sensing element 
372 (resistor R1 1) connected at Hs both ends to respec- 
tive leads 36i and 362, and the tenperature conpensa- 
tion chamber 31 incorporates a temperature 
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compensating element 37i (resistor R11) connected at 
its both ends to respective leads 35 1 and 352- 

Each vent 34 of the sensing chamber 32 is smaller 
in its opening area than the meshed vent. Therefore, the 
response time of the sensing chamber 32 can be s 
increased near to the response time of the temperature 
compensation chamber 31. This is an attempt to elimi- 
nate a detection eror due to the difference of response 
time lags. 

Referring to Fig. 5. there is shown an example of a io 
circuit configuration of the hygrometer shown in Fig. 4, 
wherein a temperature-compensating resistor R1 1 and 
a sensing resistor R12 together with resistors R13 and 
R14 form a bridge circuit connected through a resistor 
R 1 5 with terminals 38 1 arKi 382 whereto a power source 15 
(not shown) is connected. An output of the bridge circuit, 
which is a voltage proportional to a humidity, appears 
across resistor Rm which is connected to connecting 
points between the sensing resistor R1 2 and the temper- 
ature-compensating resistor R1 1 and between resistors so 
R13 and R14. The output voltage is outputted through 
output terminals 39 1 and 392- 

The hygrometer shown in Rg. 4 Is a miniature type 
but may be affected by convection of the ambient atmos- 
phere. Practically the degree of convection and the 25 
accuracy of size and positions of the vents may affect 
response characteristics of the elements of the bridge 
circuit, which make it hard to balance the responses of 
the elements to a change of the ambient temperature. 
The problem can not be solved basically The present 30 
invention was made to provide the following solution: 

In case of heating a resistor heated in an ambient 
atmosphere to sense a density of a specified gas ctwi- 
tained therein, the resistor may vary its resistance value 
only with a change of the ambient temperature without 35 
being influenced by a density of the specified gas if a 
small electric power Is supplied (or the resistor is kept at 
a specified temperature whereat the specified gas does 
not effect them: this temperature depends upon a kind 
of the gas and its mixture ratio). In this case, a resistance 40 
value of the resistor Is a function of ambient temperature 
only. On the other hand, a resistance value of the resistor 
is a function of ambient temperature and density of the 
specified gas when the resistor is heated with a large 
electric power. On the basis of these facts, the present 45 
invention has proposed such a system wherein a resistor 
is disposed in the form of a micro-bridge in a cap with a 
meshed opening and is continuously heated first with a 
specified small electric power, whereat it can not be 
effected by the density of the specified gas, and subse- so 
quenUy with a large electric power at which it can be 
effected by the density of the specified gas. The density 
of the specified gas is sensed with a single resistor at the 
same place and determined by subtracting the resist- 
ance value obtained at the small electric power from the ss 
resistance value obtained at the large electric power. 

Figs. 6Ai to 6Di are illustrative of the principle of a 
hygrometer that Is an exemplified application of an 
atmosphere measuring device according to the present 



invention. The description will be made in comparison 
with the conventional hygrometric principle to make it 
easier to understand. In Figs. 6A^ to 6Di. arrows A^, A2 
and A3 indicate a flow chart of a hygrometry according 
to the present invention white arrows A^. Bi and Ci indi- 
cate a flow chart of a prior art hygrometry. 

Rg. 6A1 is a construction view of a humidity sensing 
element 40 and Fig. 6A2 is a construction view of a tem- 
perature compensating element 50. wherein are shown 
seal caps 41, 51, a mesh 42. bases 43. 53, hermetic 
seals 44, 54, lead pins 45, 46, 55, 56 and resistors 47, 
57 (hereinafter called "sensing element"). 

In Fig. 6A1, the humidity sensing element 40 com- 
prises the Ijase 43 made of a high heat-conductivity 
material, the lead pins 45 and 46 extending through 
holes made in the base 43 and secured therein with a 
hermetic seal 44 to be parallel to each other at a speci- 
fied minute distance, the sensing element 47 are welded 
to tips of the parallel lead pins 45 and 46 and the seal 
cap provided with a mesh 42 and secured to the base 
43. The sensing element 47 may be a fine wire or thin 
film made of material having a positive coefficient of tem- 
perature resistance (e.g.. platinum, tungsten, nichrome. 
kanthal) or having a negative coefficient of temperature 
resistance (e.g.. silicon carbide (SiC), tantalum nitride 
(TaN)) or a miniature temperature element (e.g. , ttiermis- 
tor). 

The sensing element 47 can vary its resistance 
value according to an ambient temperature and humidity 
when being heated at a low temperature or a high tem- 
perature and has a small heat capacity. Accordingly, a 
fine wire or a miniature temperature-sensitive element Is 
used as the sensing element 47 In a micro-bridge con- 
figuration, which can quickly reach to a specified temper- 
ature of thermal equilibrium state when being heated, 
and it can also quickly return to an ambient temperature 
when heating is stopped. 

The sensing element 57 of the temperature compen- 
sating element 50 shown In Fig. 6A2 is identical In its 
specification to the sensing element 47 of the humidity 
sensing element 40 shown in Fig. 6A1. The sensing ele- 
ment 57 is enclosed in the seal cap 51 having no 
meshed-hole. 

Tbe conventional hygrometry using a humidity sens- 
ing element 40 of Fig. 6A1 and a temperature compen- 
sating element 50 and the hygrometry using only a 
sensing element 40 of Fig. 6A1 according to the present 
invention will be first explained as follows: 

Figs. 7A and 7B are volt-ampere characteristic 
curves of a humidity sensing element. Fig. 7A shows 
humidity characteristic which is represented by a volt- 
ampere characteristic curve Ai (dotted line) at a constant 
ambient temperature of 30°C and a humidity of 200 g/m3 
and a volt-ampere characteristic curve A2 (solid line) at 
SO'C and 0 g/m3. Fig. 7B shows a temperature charac- 
teristic which is represented by a volt-ampere character- 
istic curve Bi (dotted line) at a humidity of 0 g/m3 and a 
temperature of 20°C. a volt-ampere characteristic curve 
82 (solid line) at 30°C and a volt-ampere characteristic 
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curve B3 (dotted line) at 40<'C. A voltage applied to the 
sensing element is taken on the horizontal axis while a 
cun^ent applied to the sensing element is taken on the 
vertical axis. As apparent from the volt-ampere charac- 
teristic curve Ai of Fig. 7A representing the humidity 
^'characteristic of the humidity sensing element at 30°C, 
if the humidity sensing element is heated with a small 
cun-ent of not more than 2 mA, the curve Ai substantially 
matches with the curve A2 (with the same corresponding 
voltage of more than 0.8 V). i.e.. the humidity sensing 
element indicates temperature characteristic without 
being affected by the humidity. 

If the humidity sensing element is heated with a large 
current of 8 mA, the curve Ai and the curve A2 indicates 
different voltages 3V and 4V respectively. At a large heat- 
ing current, the voltage of the sensing element drops as 
the humidity increases. In the other words, the sensing 
element may output a voltage corresponding to the 
humidity. 

From the volt-ampere characteristic curve repre- 
senting the temperature characteristic of the sensing ele- 
ment at a humidity of O g/m3 of Fig. 7B, it is seen that 
when a cun-ent of, e.g., 2 mA is supplied to the sensing 
element, a voltage produced across the element can 
increase as the ambient temperature rises (see curves 
Bi. B2 and 83) because no moisture exists around the 
sensing element. 

Figs. 6B1, 6B2, 6B3. 6C1 and 6D1 are graphs which 
at)scissa indicates an absolute humidity (g/m3) and ordi- 
nate indicates an output voltage (V)- Fig. 6B1 shows lin- 
ear characteristics Bn, B12 and B13 representing 
correlations between absolute humidity and output volt- 
age at ambient temperatures of 20°C, 30°C and 40°C 
respectively and at a current of 8 mA supplied to the 
senang element 47 shown in Fig. 6A1. The output volt- 
age and the absolute humidity are inversely proportional 
to each other and directly proportional to the ambient 
temperature. 

On the other hand, the temperature sensing element 
of Fig. 6A2 produces an output voltage that does not 
depend on frie absolute humidity and can vary in propor- 
tion with the ambient temperature only as shown in Fig. 
6B2. Linear chareicteristics B2-1. B22and B23 are obtained 
at ambient temperatures of 20»C, SCC and 40''C respec- 
tively. 

Referring to Figs. 6B1 and 6B2. the outputs which 
correspond to the absolute humidities at the same ambi- 
ent temperatures are reduced from each other, i.e., the 
characteristic lines B23, B22 and B21 are subtracted from 
the lines B13, B-12 and B11 respectively. By doing so. a 
correlating line B33 of Fig. 6B3 can be obtained, which 
indicates the inverse proportion of the output voltage of 
the device to the absolute humidity without affection of 
the ambient temperature. 

In case of a hygrometer that is an embodiment of 
the atmosphere measuring device according to the 
present invention, a sensing element 47 when being 
driven with a small current of, e.g., 1 mA can generates 
an output voltage directly proportional to an ambient 



temperature only (e.g., at 20"'C, 30°C and 40"'C without 
affection of the absolute humidity) as ^own in Figs. 7A 
and 78. The p2U'allel characteristic lines Ci, C2and C3 
of Fig. 6C1 are also obtained. This shows the same cor- 

5 relation as Fig. 6B2 indicates. An output characteristic 
line Bo of Fig. 6D1 is obtained from Figs. 6C1 and 6D1. 
which is similar to the characteristic of Fig. 6B3 and indi- 
cates that the output voltage of the sensing element is 
inversely proportioneU to the absolute humidity only (with- 

10 out being affected by the ambient temperature). 

In the above-mentioned hygrometer according to the 
present invention, the humidity sensing element 47 is 
driven with a constant current but m^ also be driven with 
a narrow-width current pulse or constant voltage or con- 

15 slant voltage pulse since it has a very small heat capacity 
and an excellent response characteristic. 

Figs. 8A1 and 8A2 are views for explaining methods 
for driving a hurrvdity sensing element of a hygrometer 
that is an embodiment of an atmosphere measuring 

so device according to the present invention. Rg. 8A1 
shows a current pulse drive circuit and Fig. 8A2 shows a 
voltetge pulse drive circuit. The hygrometer according to 
the present invention can be driven with a pulse of a con- 
stant current or voltage if the drive meets the humidity 

25 characteristic curve of Fig. 7A and the temperature char- 
acteristic curve of Fig. 78. In case of the constant-current 
pulse-drive circuit shown in Fig. 8A1. a constant-current 
pulse power source 60 is connected in series with a 
sensing element 61 which generates a detection voltage 

30 Vout across the element. In case of the pulse-voltage 
drive circuit of Fig. 8A2. a constant-voltage pulse power 
source 62, a detection resistance 63 and a sensing ele- 
ment 61 are connected in series and a voltage Vout 
across the detection resistor 63 is detected. In both 

35 cases, two kinds of the constsint current or voltage pulses 
for different ambient temperatures are applied to the 
sensing element 61 . 

Fig. SB illustrates an example of a pulse train of driv- 
ing current. The sensing element 61 is supplied with a 

40 small current pulse of 2 mA in height and 50 ms in width 
for a period ti - 12 and further with a large current pulse 
of 8 mA in height and 50 ms in width for a period t2 - ts. 
After a pause period of 100 ms (ts - 14), the sensing ele- 
ment is driven again with a train of a small current pulse 

45 of 2 mA in height and 50 ms in width and a large current 
pulse of 8 mA in height and 50 ms in width. 

Fig. 8C indicates a pulse train of voltages developed 
across the sensing element 61 driven with a current 
pulse train shown in Fig. 8B. When a current pulse rises, 

50 a voltage pulse is produced with a time delay. Therefore, 
detection of the voltages must be madeforatime and 
a time C2 to measure stabilized voltage values. The 
pause period of 100 ms between time t3 and time t4 of 
the driving current pulse trains shown in Fig. SB is 

55 selected so that temperature of the sensing element 61 
after being driven with a cun-ent pulse of 8 mA may 
become sut>stantially equal to the ambient temperature. 

In case of Fig. 8B, a small current pulse and a large 
current pulse are continuously applied to the sensing ele- 
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ment 61. If a specified time interval is provided to stabi- 
lize a small current pulse before the large cun-ent pulse 
being applied to the sensing element, it becomes impos- 
sible to sense a voltage at a high response because a 
time delay is caused for each driving current pulse. On 
the contrary, according to the driving method shown in 
Fig. 8B. whereby the large current pulse is applied 
directly atter the small cun-ent pulse, the sensing element 
can be preheated with the small curent pulse and, there- 
fore, can quickly respond to the large current pulse with 
producing the output voltage which waveform is 
improved as shown with dotted lines di in Fig. 8D. 

Figs. 9A and SB are illustrative of a pulse waveform 
of a current and a pulse wave form of an output voltage 
when the sensing element is driven successively with a 
large current pulse and a small current pulse. 

When the sensing element is driven first with a large 
current pulse (8 mA) for a period of time Ti for detecting 
a temperature and a humidity of an atmosphere and sub- 
sequently wKh a small cun^ent pulse (2 mA) for a period 
of time T2 for detecting the temperature only, the sensing 
element produces an output voltage at the large current 
pulse, which, as shown in Fig. 9B, has an increased 
pulse rising time B-i and an increased pulse decay time 
B2 due to the delayed response. Consequently, the time 
needed for stabilizing the output voltage of the sensing 
element when being driven with the small current pulse 
is also increased, resulting in increase of response time 
and impairment of detection. 

Figs. lOAto 10D are views for explaining a correla- 
tion between the atmosphere change and the output 
characteristic of a hygrometer which is an embodiment 
of an atmosphere measuring device according to the 
present invention. Fig. 10A shows a change of temper- 
ature along a time axis, Fig. 10B shows a change of 
humidity along a time axis, Fig. IOC shows an applied 
current waveform, and Fig. 10D shows waveforms of 
detection output voltages corresponding to a change of 
the temperature and a change of humidity of an atmos- 
phere when the current being supplied to the sensing 
element. 

The current applied to the sensing element is a pulse 
train that consists of a small current of 2 mA and a large 
current of 8 mA supplied in succession and followed by 
a specified pause period. The current pulse is outputted 
each one for a period of ti to t2 and a period of t2 to 13. 
On the other hand, the temperature changes from a con- 
stant level of 30°C to 20»C (L1 ), 30°C (L2) and AQoC (L3) 
for the period of ti to t2 and it is kept at 30°C for any other 
period as shown in Fig. 10A. The humidity varies from a 
constant level of 20 g/m3 (L5) to 10 g/m3 (L4) or 30 g/m3 
(L6) for the period of ti to tz as shown in Rg. 10B. 

Accordingly both temperature and humidity of an 
atmosphere are constant for the period of to to ti, only 
the temperature changes for the period of ti to t2 and 
only the humidity changes for the period of t2 to ta- As 
shown in Fig. 10D, the detection output voltage takes 
waveforms corresponding to respective periods. A con- 
stant output voltage corresponding to a constanttemper- 



ature and a constant humidity is obtained for the period 
to - ti, and an output voltage proportional to an ambient 
temperature only is obtained for the period ti - 12 wherein 
a result of subtraction of an output voltage obtained at a 
5 small driving current from an output voltage obtained at 
a large driving current is a constant and no influence of 
the humidity is observed. For the period t2 - ta wherein 
only the humidity varies, an output voltage remains con- 
stant even at the humidity L4. L5, Ij6 when a small driving 
TO current is applied and it varies under the influence of the 
humidity only when a large driving current is applied. In 
this case, a smalt output voltage is obtained at a high 
humidity L3 and a large output voltage is obtained at a 
low humidity L4. The above-mentioned arithmetic oper- 
15 ations are performed by a driving circuit which will be 
described below in detail. 

Fig. 1 1 is an elctric circuit diagram showing an exam- 
ple of a driving circuit of a hygrometer that is an applica- 
tion of an atmosphere measuring device according to the 
20 present invention. In Fig. 11.61 is a sensing element. 64 
is a constant-current circuit for supplying the sensing el e- 
ment with a constant current. 65 is a detecting circuit for 
detecting the output of the sensing element 61 , 66 is a 
circuit for setting a coeff icient, 67 is a hold circuit, 68 is 
25 a subtraction circuit and 69 is an output terminal. 

The constant-current circuit 64 is loaded with the 
sensing element 61 and the reference resistance Rr 
which is connected at one end in series with the sensing 
dement 61 and at one end to the ground and which volt- 
30 age is fed back to an inverting input terminal of the con- 
stant-current circuit 64. A non-inverting input terminal of 
the constant-current circuit 64 is connected with a switch 
SWi which has contacts "a" and "b" for supplying a ref- 
erence voltage Vrefl and Vref2 respectively and a 
35 grounded constant "c ". The reference voltages Vrefl and 
Vref2 are set as follows: 

Vrefl = 2Rr (mV) (1) 

Vref2 = 8Rr (mV) (2) 

The connecting point of the output terminal of the 
constant-current circuit 64 and one terminal end of the 
sensing element 61 is connected to an inverting input 
terminal of the detecting circuit 65 and the connecting 
point of the other terminal of the sensing element 61 and 
the reference resistance Rr is connect to the non-invert- 
ing input terminal of the detecting circuit 65. An output 
terminal of the detecting circuit 65 is connected to a 
switch SW2 which has contacts "a" and "b": the contact 
"a" is used for setting a coefficient K for conversing a low 
heating temperature to an ambient temperature when 
calculating a humidity, for example, by connecting 
thereto the coefficient setting circuit 66 which can vary a 
multiple factor in accordance with a set value of the coef- 
ficient K. and contact "V is connected to an input termi- 
nal of the subtraction circuit 68 for Inputting thereto an 
output voltage Vq when a large current is supplied for 
heating a high temperature. 
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A switch SW3 having contacts "a" and "c" and the 
hold circuit 67 are provided between the coefficient set- 
ting circuit 66 and the subtraction circuit 68. The contact 
"a" of the switch SW3 is connected to the hold circuit 67. 

The switches SWi, SW2. SW3 of the thus con- 
structed driving circuit are interlocked with each other 
and operate with changing-over their contacts "a", "b' 
and "c" at a time When the switch turns on its contact 
"a", a voltage equal to the reference voltage Vref"! 'S 
applied to the reference resistance Rr connected to the 
inverting terminal of the constant-current circuit 65 and 
a constant current of 2 mA flows through the sensing ele- 
ment 61 . Similarly, when the switch turns on its contact 
"b", a voltage equal to the reference voltage Vref2 is 
applied to the reference resistance Rr and a current of 8 
mA flows through the sensing element 61 . 

Rgs. 1 2A to 1 2H are indicative of waveforms of volt- 
ages appearing at corresponding portions of the driving 
circuit shown in Fig. 11. Refen-ing now to Fig. 11 and 
Figs. 12A to 12H, the operation of the driving circuit wnll 
be described as follows: 

The switch SWi (together with the switches SW2 
and SW3) operates to close its contact "a" and open con- 
tact "b" by corresponding driving voltage pulses of vwave- 
fomns shown in Figs. 1 2A and 1 2B at intervals of ti to 
and t2 to ta. A driving current of 2 mA and 8 mA shown 
as "is" in Fig. 12C follows frirough the sensing element 
61 in accordance with above-mentioned switching oper- 
ations. When the contact "a" is closed, a voltage Vs, 
which is proportional to an ambient temperature and has 
a waveform shown in Fig. 1 2D, developed on the contact 
switch SW2. The voltage Vs is inputted into the coeffi- 
cient setting circuit which in turn multiplies the voltage by 
a preset coefficient K and outputs the resulting voltage 
Vs (=KVs) shown in Fig. 12E. Since the output voltage 
Vs produced by closing the contact "a" of the switch SW2 
is not correctly proportional to an ambient temperature, 
it is corrected by the coefficient K which is given by the 
following equation: 

K = (VD - change by humidity)/Vs (3) 

The hold circuit 67 outputs a voltage V"s equal to the 
voltage Vs (=V"s) shown in Fig. 12F. The subtraction cir- 
cuit 68 receives the voltages VD and V"s and generates 
an output voltage V shown in Fig. 12H. which is propor- 
tional to a humidity. 

V = VD - V"s (4) 

Fig. 13 is an electrical circuit diagram showing 
another example of a driving circuit of a hygrometer that 
is an application of an atmosphere measuring device 
according to the present invention. In Fig. 1 3, 70 is a volt- 
age detection circuit. 71 is a current detection circuit and 
12 is a dividing circuit. Other parts similar in function to 
the parts shown in Fig. 1 1 are given like reference numer- 
als. 



The driving circuit of Fig. 13 is to detect a humidity 
by a change of resistance value of the sensing element 
61 . Whenever the sensing element 61 is driven with a 
small current and a subsequent large current, the voltage 

5 detection circuit 70 detects a voltage across the sensing 
element 61 and inputs it into a subtraction circuit 72. On 
the other hand, the current detection circuit 71 detects a 
voltage across the reference resistance Rr having a 
known resistance and inputs it into the subtraction circuit 

10 72 which in turn calculates a resistance value of the 
sensing element 61 . 

The circuitry after a switch SW2 operates on the 
same principle as that of the driving circuit of Fig. 1 1 and 
calculates a humidity by subtracting a voltage produced 

IS at a small current pulse from a voltage produced at a 
large current pulse. 

Rgs. 14A and 14B are illustrative of a two-power 
driving system relating to the present inventon, where 
are shown a waveform of adriving current (Fig. 1 4A) and 

so a waveform of an output voltage (Fig. 1 4B) of the same 
humidity sensing element as shown in Figs. 8B and 8C. 
The humidity sensing element is driven with two driving 
current pulses of 2 mA and 8 mA in succession as shovwi 
in Fig. 14A. An output voltage with a lag shown in Rg. 

25 1 4B is obtained. In this driving system requires two highly 
accurate power sources which accuracy and stability 
may directly influence the output voltage. For example, 
to obtain two current pulses of 2 mA and 8 mA in height 
it is needed to use different circuit parts on the charac- 

30 teristics of which the accuracy of pulse height depends. 
Figs. ISA and 15B show an example of driving cur- 
rent waveform and output voltage waveform of a hygrom- 
eter that is an embodiment of an atmosphere measuring 
device according to the present invention. The sensing 

35 element is driven with a triangular (sawtooth) current pro- 
portional to time for a period ti - 12 as shown in Fig. 1 5A, 
thereby an output voltage with a time delay is produced 
as shown in Fig. 15B. Similarly to the case of Figs. 14A 
and 148, the voltages produced at a small driving current 

40 and at a large driving current are measured at time points 
P and Q specified as measuring timing points. To drive 
the sensing element with a constant saw-tooth current, 
it is needed to use only one power source which can be 
precisely manufactured and requires only setting meas- 

4S urementtime points P and Q to sense the output voltages 
produced by applying the corresponding currents to the 
sensing element. 

Figs. 16Aand 16B show other driving current wave- 
forms of a hygrometer that is an embodiment of an 

so atmosphere measuring device according to the present 
invention. ng.16A shows a waveform of an approxi- 
mately triangular pulse of current whose variation 
decreases convexly with time. Fig. 1 6B shows waveform 
of an approximately triangular pluse of current whose 

55 viriation increases concavely with time. Driving with 
these pulses may attain the same effectiveness as the 
case of driving with a triangular current pulse of Fig. 1 5A 
if stabilized supply of such current is assured. 
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Figs.17A to 17E show a timing chart for explaining 
operation of a driving circuit of a hygrometer that is an 
emt>odiment of an atmosphere measuring device 
according to the present invention. Fig.17A illustrates 
waveforms of output voltages generated for the period 
the sensing element is driven with a low-temperature 
heating current and a subsequent high-temperature 
heating current. Fig. 1 7B illustrates a waveform of an out- 
put voltage generated by driving with a sawtooth current, 
Fig. 17C illustrates clock pulse train. Fig. 17D illustrates 
a measurement ON-OFF signal and Fig. 17E illustrates 
a reset signal. 

Time points C1 , 02 shown in Fig. 8C and time points 
P. Q shown in Fig. 14B are determined on condation that 
an output voltage of the sensing element 61 is stabilized. 
A measurement start timing point "ta" in case of low-tem- 
perature driving and a measurement start timing point 
"tb" in case of high-temperature driving can be deter- 
mined directly if a timing point for driving thermally 
the sensing element 61 is determined. Far instance, the 
measurement timing points "ta" arxl "tb" are determined 
as points A and B respectively, whereat the voltage 
waveform of Fig. 1 7Aand the sawtooth voltage waveform 
of Fig. 17B intersects each other (shown by lines A-A 
and B-B) and the voltage measurements at a low-tem- 
perature and a high-temperature are conducted respec- 
tively for a period of t© to ta (for low temperature) and a 
period of ta to tb (for high temperature). 

A low- and high -temperature driving period of to to 
ti and the pause period of ti to t2 are determined by 
measurement ON-OFF signals shown in Fig. 1 7D and a 
reset signal shown in Fig. 17E is generated at the time 
ti wherein the measurements of the output voltages at 
the low- and high-temperatures are completed. All these 
timing point ta, tb, ti, t2 are measured and defined by 
counting clock pulses shown in Fig. 1 7C. 

Fig. 18 is an electrical circuit diagram showing an 
example of timing-signal generating method according 
to the present invention. In Fig. 18, 80 is a dock pulse 
generating circuit, 81a, 81b, 81c are counters and 82 is 
a reference voltage generating circuit. 

The clock pulse generating circuit 80 generates 
clock pulse signals shown in Fig. 1 7C. When the counter 
circuit 81 a counts the preset number of clock pulses cor- 
responding to the timing point ta, it generates a timing 
pulse "a" to start measurement. Similarly, when the 
counter circuit 81b counts the preset number of clock 
pulses corresponding to the timing point tb, it generates 
a timing pulse "b" to start measurement. The counter cir- 
cuit 81c outputs timing pulse signals which define the 
time point ti for low- and high-temperature driving, and 
gives measurement ON-OFF signals and the time point 
t2 for pausing. The counter circuits 81 a. 81 b are reset by 
a pulse signal defining the time point ti and then counting 
gate of the counter 8 1 a, 81 b are closed. The gates of the 
counter circuits 81 a, 81 b are opened by a putse defining 
the time t2 and then, the reference-voltage gene rat ion 
circuit 82 generates a reference voltage E to drive the 
sensing element. 



Rg. 1 9 shows an example of a reset circuit, and Figs. 
20A to 20D are illustrative of a time chart of the reset 
circuit shown in Fig. 19. When a measurement ON-OFF 
signal is applied to an input terminal D of a delay flip-flop 

5 circuit 83, an output Q conesponding to the ON-OFF sig- 
nal is given with delay by 1 clodt pulse as shown in Fig. 
20C. A reset signal of a clock pulse width shown in Fig. 
20D is generated as an AND-gate output ( output of the 
AND drcuit 85 ) resulting from the clock pulse of an 

10 inverting circuit 84 and the output Q of Fig. 20C. 

Fig. 21 is illustrative of an electrical circuit diagram 
of a sawtooth-current driving circuit for driving a sensing 
element according to the present invention, which 
includes a resistance Ro for receiving the reference volt- 

is age E, an integrating circuit composed of said resistance 
Ro, a feedt>ack condenser Co and an operating amplifier 
86, and a switch 87 for discharging the feedt>ack con- 
denser according to a reset signal. This driving circuit 
generates a constant sawtooth voltage Vi that is propor- 

so tional to time t within the period defined by a reset »gnal. 

V T = (E/CoRo) • t (5) 

The voltage Vi is applied to a constant current cir- 
25 cuit composed of the operational amplifier 88 having a 
reference resistance Rr and four resistances Ra equal 
to the input resistance. A constant sawtooth current "i" 
proportional to the voltage Vi flows in a sensing element. 
The current "i" is determined according to the following 
30 equation (6): 



Fig. 22 is a block diagram for explaining an exam- 
35 pie of a humidity output circuit of a sensor element with 
a sawtooth cunent drive according to the present inven- 
tion, which includes amplifier circuits 89 and 90, a coef- 
ficient setting circuit 91 , hold circuit 92 and 93 and a 
subtraction circuit 94. 
40 When a constant sawtooth current i determined by 
the equation (6) flows through a sensing element 61, a 
voltage develops across the sensing element 61 and 
enters into the amplifier circuits 89 and 90 connected in 
parallel to the sensing element. The amplifier circuit 89 
45 is used for measuring an output voltage Vs produced at 
a small driving current and is provided with the coefficient 
setting circuit 91 and the hold circuit 92 connected in 
series thereto. The amplifier circuit 90 is provided to 
measure an output voltage produced at a large driv- 
50 ing current and the hold circuit 93 is connected thereto. 

A corrected voltage Vd' which is obtained by multi- 
plying the output voltage Vs produced at a small driving 
current by the coefficient K is hold by the hold circuit 92 
with a measurement timing pulse a. The voltage Vq pre- 
ss duced at a large driving cun-ent is hold by the hold drcuit 
93 with measurement timing pulse b. The output voltage 
Vs" (= Vs') produced at the small driving cun-ent, which 
is hold by the hold circuit 92. and the output voltage Vq 
produced at a large driving current, which is hold by the 
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hold circuit 93, are entered into the subtraction circuit 94 
which subtracts the voltage Vs" from the voltage Vp and 
generates resultant voltage V being proportional to the 
. absolute humidity. The small driving current is 2 mA for 
• ' heating the sensing element at low temperature and the 5 
l^i-ge driving current is 8 mA for heating the sensing ele- 
ment at high temperature. Constants Co, Ro, Rs and E 
of the circuit are determined from the equation (6) in such 
a way that 2 mA at t= ta and 8 mA at t= tb may be assured. 

Fig. 23 is a block circuit diagram for ^(plaining 10 
another example of a humidity output circuit vwith a saw- 
tooth current drive according to the present invention. In 
Fig. 23, numeral 96 designates an A-D converter and 
numeral 97 designates a CPU (central processing unit). 
Other parts similar in function to the parts shown in Rgs. 15 
18 and 21 are given like reference numerals. 

The humidity output circuit of Fig. 23 uses clock 
pulses from a clock of the CPU 97 as timing signals (i.e., 
measurement ON-OFF signal, measurement timing sig- 
nal ta, tb and reset signal). The CPU 97 has storing func- 20 
tion and, therefore, eliminates the necessity of providing 
a hold circuit for holding output voltages sensed at a low 
temperature and a high temperature. The output volt- 
ages of a sensing element 61 are amplified by an ampli- 
fier circuit 95 to specified voltage values which are then 25 
converted by the A-D converter 96 into digital values. The 
CPU reads and store digital values of the detected volt- 
ages according to the timing signals ta and tb and then 
sets coefficients and performs arithmetic operations on 
the digital data, easily determining a humidity. 30 

Fig. 24 is a view for explaining an example of a 
humidity measurement circuit using a sensing element 
according to the present invention, which is featured by 
using a voltage pulse for driving the sensing element. In 
Fig. 24, numeral 98a designates a first reference voltage 35 
generating circuit, numeral 98b designates a second ref- 
erence voltage generating circuit and numeral 99 desig- 
nates a constant voltage circuit. Other parts similar in 
function to the parts shown in Fig. 23 are given like ref- 
erence numerals. 40 

The first reference voltage generating circuit 98a is 
a constant voltage circuit which applies a low reference 
voltage VrepI to a sensing element 61. The second ref- 
erence voltage generating circuit 98b is a constant volt- 
age circuit which applies a high reference voltage Vref2 4S 
to a sensing element 61 . The constant voltage circuits 
98a and 98b are connected to contacts "a" and "b", 
respectively, of a switch SWi which is operated by timing 
pulses from a terminal Pqi of a CPU 97 and has an 
grounded contact "c". The switch SWi is also connected so 
to a non-inverting input of the constant voltage circuit 99. 

The constant voltage circuit 99 is loaded with a ref- 
erence resistance Rr and the sensing element 61 which 
is connected at one end in series with the reference 
resistance Rr and at one end to the ground. The con- 55 
necting point is connected to an inverting input terminal 
of the constant-voltage circuit 99. 

In the constant voltage circuit 99, a voltage Vs devel- 
oped across the sensing element 61 is equal to a voltage 



applied to corresponding contact of the switch SWi, i.e., 
a constant output voltage is supplied: 

Vs = VrefI when contact "a" is closed; 
Vs = Vfief2 when contact "b" is closed: 
Vs = 0 when contact "c" is selected. 
When the voltage Vs of the sensing element 61 hav- 
ing resistance Rs is constant, a current "is" flowing 
through the reference resistance Rr is equal to Vs/Rs 
and a current corresponding to the resistance Rs flows 
through the sensing element 61 . For instance, when the 
resistance Rs varies urxJer the influence of temperature 
or humidity of the ambient atmospha-e, the current "is" 
flovmng through the resistance Rs varies correspond- 
ingly. This cun-ent "is" is detected as a voltage 
Vr (= is X Rr) by an amplifier circuit 95. 

Rg. 25 shows an exemplified time chart for the circuit 
of Fig. 24, on the assumption that VrefI = 0.5V and 
VrefS = 4.5V. In this case, Vs = 0.5V is applied for a 
period t, the contact "a" of the switch SWi being closed, 
Vs=4.5 is applied for a period Xz the contact "b" of the 
switch SWi being closed, and a pause (with no driving 
voltage) is produced for a period ta the contact "c" being 
selected. Timing points similar to the timing points for the 
constant current drive of Fig. 1 1 are set. The sensing ele- 
ment is heated at a low temperature while the switch SWi 
closes its contact "a". This is the same as the case of 
heating by applying a constant current of 2 mA. The 
sensing element is heated at a high temperature while 
the switch SWi closes its contact "b". This is the same 
as the case of heating by applying a constant current of 
8 mA. 

Rg. 26 is a partially cutaway view in perspective of 
another example of a humidity (moisture) sensor of a 
hygrometer that is an embodiment of an atmosphere 
measuring device according to the present invention. In 
Fig. 26, 100 is a silicon substrate, 101 and 102 are cav- 
ities, 103 and 104 are oxide film substrate, 105 and 106 
are resistors and A. B and C are electrodes. 

The humidity sensing element shown in Fig. 6A1 has 
a single sensing element 47 being a resistor of micro- 
bridge configuration, which is continuously heated at a 
low temperature and at a high temperature for, e.g., 50 
ms each. Practically, such a sudden change of an atmos- 
phere may not occur, but. ideally, it is desired to heat a 
single sensing element 7 at a low temperature and a high 
temperature at the same time and to detect a difference 
of resistance values. However, it is impossible to heat a 
sensing element at the same place simultaneously at a 
low temperature and a high temperature. Therefore, in 
the humidity sensor of Fig. 26. which is another embod- 
iment of the present invention, two resistors are disposed 
as close as possible on a substrate, assuring no affection 
on each other. 

As shown in Rg. 26, the humidity sensor is con- 
structed on a silicon crystal substrate 100 with an oxide 
film 101a, whereon two cavities 101, 102 of the same 
configuration and size are formed by anisotropic etching 
with leaving an oxide film substrates 1 05 and 1 06 having 
respective supporting arms 103a - 103d and 104a - 104d 
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bridged over the cavities, a fine resistors 105 and 106 
are formed of a zigzag pattern on the oxide film sub- 
strates 105 and 106 and are connected in series by 
means of a connecting portion whose end formed as an 
electrode "B" and other ends of the resistors are formed 5 
as electrodes "A" and "C". The silicon crystal substrate 
100 is packaged by using a mesh cap, instead of a seal 
cap, to permit ventilation therethrough. 

The operation of the thus constructed humidity sen- 
sor is described as follows: 10 

Rgs. 27 A to 27D Show a time chart tor determin- 
ing humidity by the humidity sensor of Fig. 26. 

Fig. 27A shows a sequence of equally spaced dock 
pulses (ai, 32. as ...) to be generated at af ixed time inter- 
val from a clock circuit (not shown). is 

Fig. 27B shows that a series of low-anfplitude low- 
voltage pulses (bi. b2. ba ...) in synchronism with the 
clock pulses (ai. 82, as ...) are generated to heat the 
resistor 1 06 at a low temperature to produce and meas- 
ure a resistance value being proportional to a tempera- 20 
ture of an atmosphere. 

Fig. 27C shows that a series of high-amplitude high 
voltage pulses (ci. C2. C3 ...) in synchronism with clock 
pulses (ai. 32, as ...} aregenerated to heat a resistor 1 05 
between terminals B-A at high temperature to produce 2S 
and measure a resistance value being proportional to a 
temperature and a humidity of an atmosphere. 

Fig. 27D shows a series of humidity sensed pulses 
(di. d2, da ...) which amplitude (wave height) is propor- 
tional to humidity of an atmosphere and which in syn- so 
chronism with the clock pulses (ai, 32. 83 ...) are obtained 
by subtracting a resistance value of the resistor 106 
heated at low temperature from the resistance value of 
resistor 105 heated at high temperature by the use of a 
humidity calculation circuit (not shown). 35 

Figs. 28A to 28C show another time chart for deter- 
mining a humidity by the humidity sensor of Fig. 26. 
Clock pulses (ai, 32, as ...) shown in Fig. 28A have the 
same intervals as those of Fig. 27A and are used for syn- 
chronizing the operations of circuits driving the resistors 40 
105 and 106. 

The driving method with the time chart of Figs. 28A 
to 28C are a further improvement of the driving method 
with the time chart of Figs. 27A to 27D. The improved 
driving method is intended to simultaneously drive the 45 
resistor 105 at a high temperature and the resistor 106 
at a low temperature for a specified period and to sub 
sequently drive the resistor 105 at the low temperature 
and the resistor 106 at the high temperature for a spec- 
ified period, making each resistor senses a temperature 
and a temperature plus a humidity alternately. 

While the resistor 106 between terminals B-C is 
heated with a power pulse "bi" at a low temperature in 
synchronism with a clock pulse, the resistor 1 05 between 
terminals B-A is heated with a power pulse at a high tem- 
perature. At the time of dock pulse "ar. a humidity- 
sensed pulse (not shown) is determined by subtracting 
3 temperature-sensed resistance value obtained by 
heating with the pulse "b^" from 3temper3ture-humidity- 



sensed resistance value obtained by heating with the 
pulse "Ci". At the subsequent time of clock pulse 82, a 
humidity-sensed pulse is determined by subtracting a 
temperature-sensed resistance value obtained by heat- 
ing with the pulse "02" from a temperature-humidity- 
sensed resistance value obtained by heating with the 
pulse "ba". 

As apparent from the foregoing, the present inven- 
tion provides following advant3ges: 

Variation in characteristics of separate sensing 
elements: 

Any conventional atmosphere measuring device 
in which a combination of a separate sensing element 
and a separate temperature-sensing element is adopted 
has such drawbacks that it can not be applicable for 
wide-range humidity measurement and can not attain a 
higher sensing performance if both sensing elements 
have not matched resistance values (volt-ampere char- 
acteristic) and temperature coefficients of resistors. The 
combination of strictly matched elements is therefore 
required, that leads to increasing their manufacturing 
cost because of reduced mass productivity and product 
yield and of increased man-hours. On the contrary, in an 
atmosphere measuring device according to the present 
invention, detection and compensation can be per- 
formed by a single sensing element that has no differ- 
ence between its resistance value (volt-ampere 
characteristic) and resistance-temperature coefficient 
and therefore can attain high performance. 

Variation in response time (rising time) of separ3te 
sensing elements: 

A conventional method using a combination of 
two sensing elements poses a problem regarding varia- 
tions in response time of the elements. The present 
invention uses a single sensing element which can 
sense a temperature and a density of a specified gas at 
a constant response time. 

Aged variation of characteristics of sensing ele- 

Any conventional method using a combination of 
two sensing elements poses a problem that two ele- 
ments may differently deteriorate with time and be of no 
use when their characteristics become mismatched. It 
has been also hard to predict or check by itself how long 
or whether the elements can be used. The present inven- 
tion uses a single element which is free from the above- 
mentioned problem and can be used until it becomes to 
indicate considerably deteriorated performance. 
Temperature influence of a seal cap: 

In a conventional atmosphere measuring device 
having a temperature-compensating element, a gas of a 
other temperature than that of the element flows along a 
seal cap and may exert an influence through sealed sir 
on an internal heat-generating element to produce even 
a small output which affects the temperature-compensa- 
tion, resulting in erroneous detection of a variation in 
density of the gas to be sensed. The present invention 
uses a single sensing element which may detect the gas 
density, and the gas density plus ambient temperature 
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under the same conditions of an ambient atmospliere, 
thereby it Is free from the trouble arisen in the conven- 
tional device. 

Electric power consumption: 

In the conventional atmosphere measuring 
device, a separate temperature-compensating element 
requi res power supply In amount of about tvwo times more 
than that of the sensing element. 

In the atmosphere measuring device according to 
the present invention, electric power required for com- 
pensation is several or tens times less than that required 
for sensing. Total power consumption of the detnce is 
about one-half of that of the conventional devices. 

Variation of pressure: 

In contrast to the conventional device wherein 
temperature compensation is conducted under a con- 
stant specified pressure in the seal cap, the device 
according to the present invention can corKluct meas- 
urements of ambient temperature arxi the gas density at 
a substantially same pressure of an atmosphere, thereby 
it can accurately measure a gas density even when the 
atmosphere suddenly varies. 

Furthermore, the present invention also proposes to 
drive two sensing elements (resistors) alternately with 
different power pulses. By doing so. the life time of the 
elements may be simply doubled and heat accumulation 
at the side for sensing the ambient temperature and the 
gas density is reduced, thereby the elements can oper- 
ate more frequently at a reduced interval and may find 
wider application field. Besides, the two-element device 
can be switched ON with a stabilized uniform load to the 
power source and can be manufactured by using the IC 
production technology at a minimal variation of the ele- 
ments. 

Figs. 29A and 29B are construction views of a con- 
ventional thermal type flow sensor. Fig. 29A is a plan 
view and Fig. 29B is a sectional view taken along line B- 
B of Fig. 29A. 

This sensor is manufactured in such a manner that an 
insulating layer of silicon nitride is applied to a silicon sin- 
glecrystal substrate 1 1 1 . a cavity portion 1 13 is formed 
by anisotropic etching on the substrate, leaving thereon 
micro-bridges 1 12a, 1 12b and 1 12c. and then resistors 
114. 115 and 1 16 are formed by depositing zigzag pat- 
terns of a metal layer of permalloy or platinum onto the 
micro-bridges 112a, 112b and 112c respectively. The 
center resistor 115 serves as a heater. The resistors 114 
and 116, which are disposed at opposite sides of the 
heater 1 1 5. have the same resistance value and are sub- 
stantially identical in size. The resistor 1 14 is used as a 
temperature sensor and the resistor 1 1 6 is used as a 
heat-receiving sensor. 

When the heater 1 15 is heated by supplying a con- 
stant electric power, the temperature sensor 1 1 4 and the 
heat-receiving sensor 116 increase their resistance 
value by the effect of heat from the heater 1 1 5. 

While there is no flow of measurable fluid, e.g., gas. 
the temperature sensor 1 1 4 and the heat-receiving sen- 
sor 116 are equally increase their resistance value by 



the effect of heat. When gas flows in the direction indi- 
cated by an arrow along the substrate 1 1 1 , the temper- 
ature sensor 114 decreases its resistance value, being 
deprived of its heat by tiie gas flow, and the heat-receiv- 
5 ing sensor 116 increases its resistance value, receiving 
heat from the heater 115. A difference between ttie 
resistance values of the temperature sensor 114 and the 
heat-receiving sensor 116 is a function of the flow rate 
of the gas. 

10 Fig. 30 is a perspective view for explaining another 
example of a conventional flow sensor. This flow sensor 
is composed of a semiconductor substrate 121 which 
has a cavity portion 124 having openings 122 and 123 
at its left and right sides formed by anisotropic etching at 

15 the center portion thereof: a spatially isolated ttiin-film 
micro-bridge 125 bridging over the cavity 1 24 and having 
thereon a thin-film heata- 126 and two temperature 
measuring resistors 127 and 128 disposed to insert 
therein the heater 126; and a thin-film temperature 

so measuring resistor 1 29 for measuring ambient tenpera- 
ture disposed at a corner of upstream side thereof. The 
upper surface of each resistor is covered with an insu- 
lating film. 

The flow sensor shown in Fig. 30 has the heater 1 26 

25 disposed between two temperature-measuring resistors 
127 and 128 on frie micro-bridge 125 bridging over the 
cavity 124 and the ambient-temperature measuring 
resistor 129 which serves as a reference resistance. 
When the heater 126 is heated to a specified tempera- 

30 ture. the temperature-sensing resistors vary their resist- 
ance values by the effect of a gas flow. The variation in 
resistance of each resistor is measured as a vcitage 
value and a flow-rate or a flow of the gas is calculated 
from the measured values. 

35 As described above, any conventional thermal type 
mass flowmeter adopts such a system in which a heater- 
resistor (heat-generating element) generates a heat and 
a heat-sensing resistor (heat-receiving element) dis- 
posed at a specified distance therebetween senses the 

40 transferred heat. Accordingly, the conventional flowme- 
ter needs to use at least one pair of elements (a heat- 
generating element and a heat-receiving element), 
which must be identical in size, specific heat and heat 
capacity. Therefore, it involves the following problems to 

45 be solved: 

[1] Variation of resistances of a heat generating element 
and a heat receiving element: 

so (1) It is required to correctly adjust electric circuits 
to compensate the variations of temperature, i.e., 
resistance characteristic of the heat-generating ele- 
ment and of the heat receiving-element respectively; 
(2) Regarding the temperature balance, i.e., resist- 

55 ance balance between the heat-generating element 
and the heat-receiving element, both elements are 
made on a semi-conductor substrate by using micro- 
machining technology of IC production and may be 
generally said to be combined with relatively high 
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accuracy. However, the elements may be of no use 
if their resistances are insufficiently balanced. The 
conventional coil type thermal flowmeter may use a 
combination of a separate heating element and a 
separate heat-receiving element which are selected s 
as well balanced in their resistance characteristics, 
thereby it may be manufactured with higher produc- 
tivity than the thermal flowmeter having the ele- 
ments integrally made on a substrate; 

(3) It is difficult to arrange the heat-generating ele- io 
ment and the heat-receiving element at optimal posi- 
tions with an optimal spacing. The elements are also 
limited by attainable accuracy: 

(4) Since there is a distance between the heat gen- 
erating-element and the heat-receiving element, it is is 
impossible to correctly detect a differential resist- 
ance at a very small flow-rate of fluid; 

(5) Each of the heat-generating element and the 
heat-receiving element shall have a high accuracy 

of temperature distribution. Any dispersion of the so 
temperature distribution may affect a detection out- 
put signal and makes it necessary to additionally 
adjust each respective sensor circuit; 

(6) Increasing the number of the heat-generating 
and heat-receiving elements increases the size of 25 
the substrate and the number of its output leads. 
When the substrate of an increased size is disposed 

in a stream of fluid to be measured, it may prevent 
the fluid from freely flowing and can not obtain the 
correct measurement result. This also leads to 3o 
increasing the manufacturing cost. The accuracy of 
sensing a small flow-rate is also reduced; 

(7) The increased number of heat-generating and 
heat-receiving elements increases the electric 
power consumption; 3S 

(8) The vertical arrangement of the heat-receiving 
element at the upper position and the heat-generat- 
ing element at the lower position in a vertically 
upward stream of gas may be encountered with 
such a problem that even at absence of fluid flow the 4o 
heat-receiving element generates an output signal, 
sensing an ascending current of air heated by the 
heat-generating element. This means that thus con- 
structed flowmeter shall be mounted with special 
consideration of its mounting conditions and has a 45 
limitation of its mounting places. 

[2] Regarding compensation for an ambient temperature 
when detecting a gas flow: 

so 

(1) In aflowmeterwhereinaset of three micro-bridge 
resistors disposed at top. center and last from the 
upstream side in gas passage is used to detect a 
temperature of gas flow by the top resistor, detect 
gas flow by the center and the last resistors and ss 
compensate the measured flow rate for variation by 
the temperature dafa obtained by the top resistance, 
the problems (1) to (8) described above in item [1] 
regarding the variations in resistance of the heat 



generating element and the heat receiving elements 
may arise under worse conditions; 
(2) A flowmeter, wherein a pattern of a resistor for 
sensing ambient temperature is formed on a semi- 
conductor substrate, can not correctly detect a flow 
rate because the resistance value of the resistor for 
measuring ambient temperature slowly responses 
and changes with a change of temperature of the 
semiconductor substrate having a large heat capac- 
ity, thereby the correct temperature of gas at the 
nroment of its flow-rate measurement can not be 
detected. 

The present invention proposes to apply a small cur- 
rent or a small voltage to a resistor disposed in a flow of 
fluid to be sensed and determine an ambient tempera- 
ture from the measured resistance value; heat the resis- 
tor by applying a large current or a large voltage thereto 
and determine an ambient temperature plus a fluid flow 
from the sensed resistance value; calculate a difference 
between two sensed resistance values to determine the 
fluid flow rate. 

Rgs. 31 A and 31 B are construction views for 
explaining an example of a flow sensor according to the 
present invention. Fig. 31 A is a plan view and Fig. 31 B 
is a sectional view taken along line B-Bof Fig. 31 A. There 
is shown a substrate 130, insulating film 131 and 132, a 
cavity portion 1 33, a resistor 1 34. terminals 1 35 and 1 36, 
a micro-bridge 137 and supporting portions 1 38 and 1 39. 

As shown in Figs. 31 A and 31 B, the substrate 130 
is a silicon singlecrystal plate which has a square crystal 
plane (1 00) and is covered at its top surface with an insu- 
lating layer 1 31 of silicon nitride. A cavity portion 1 33 hav- 
ing a specified depth is formed by anisotropic etching in 
parallel with a crystal plane (100) along a diagonal line 
perpendicular to the direction indicated by arrow Q on 
the substrate, leaving an insulating layer 131 of a spec- 
ified width to form a micro-bridge 137. A zigzag pattern 
of platinum or permalloy (e.g., Ni 80% and Fe 20%) of a 
thin layer resistor 1 34 is deposited onto the upper surface 
of the micro-bridge 137 and terminals 135 and 136 are 
also provided thereon. An insulating layer 132 of silicon 
nitride is further formed on the upper surface of the thin 
layer resistor. 

Figs. 32A and 32B are views for explaining principle 
of the operation of af low sensor according to the present 
invention. Fig. 32A shows characteristic curves Ai and 
A2 of voltage developed across the resistor 134 heated 
by applying a current when fluid of SO^C flows in the 
direction indicated by arrow Q in the device shown in Fig. 
31 A. These relate to flow characteristics: the curve Ai is 
obtained at a flow rate of 2 liters per hour and the curve 
A2 is obtained at a flow rate of 0 liter per hour. Fig. 32B 
shows temperature characteristic of the resistor 134 
when the fluid does not flow, i.e., the fluid flows at flow 
rate of 0 liter per hour. The characteristic curves Bi. B2 
and B3 are obtained at fluid tennperature of 20°C. 30°C 
and 40'C respectively. 
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As shown in Fig. 32 A, in case of applying a small 
current <3i, e.g., 2 mA or less to the resistance 134, the 
resistor 134 can not be heated and. therefore, an output 
voltage across the resistor 134 varies with a change of 
temperature of the fluid but it does not varies with a 
change of fluid flow rate. Namely, the flow characteristic 
curves Ai and Az obtained at different flow rates show 
that a change of voltage (resistance) at small heating 
current (within the range of 0 to 2 mA) does not concern 
the flow rate and it relates to the fluid temperature only. 

However, in case of applying an increased current 
of, e.g., 8 mA, the resistor 134 can l3e heated and, if fluid 
flows, its resistance may increase less than when the 
fluid being still. Accordingly, the flow characteristic 
curves Ai and A2 go apart from each other and show 
resistance values depending upon the flow rate. When 
the resistor 134 is heated to high temperature by apply- 
ing a current of 8mA. the output voltage rises to about 3 
V (on the curve Ai) or 4V (on the curve Ag). The more 
fluid flows, the more heat radiation be to reduce an 
increasing ratio of resistance value of the resistor. 

Rg. 32B indicates the case when the resistor 134 is 
disposed in fluid being still and heated with current sup- 
plied thereto. When a small current (too small to cause 
the resistor be self-heated) is applied to the resistor 134, 
the resistance value increases as temperature of the 
fluid (i.e.. temperature of the resistance) rises. The out- 
put voltage correspondingly rises. Namely, the resistor 
1 34 functions as a temperature-sensing element having 
the shown temperature characteristic. 

According to Figs. 32 A and 32 B. the flow rate of the 
fluid can be determined in such a way that one of the 
micro-bridge resistors (Figs. 31 A. 31 B) is heated at a low 
temperature (with a small current) to sense the ambient 
temperature (i.e. the temperature of the resistor): the 
resistor is then heated at high temperature (with a large 
current) to sense the resistance value corresponding to 
the variation due to the fluid temperatSure plus the fluid 
flow rate; the resistance value (output voltage) sensed 
at the high temperature is reduced by the resistance 
value (output voltage) sensed at the low temperature to 
obtain the flow rate of the fluid. 

Figs. 33A and 33B are construction views for 
explaining another example of a flow sensor according 
to the present invention. Fig. 33A is a plan view and Fig. 
33B is a sectional view taken along line B-B of Fig. 33A. 
There is shown a substrate 140. insulating layers 141 
and 150, a cavity portion 143, a resistor 144, terminals 
1 45 and 1 46, a cantilever insulation layer 1 47 and a free 
open end 1 49. 

As shown in Figs. 33Aand 33B, theflow sensor has 
the square substrate 1 40 which includes a square cavity 
portion 143 formed by anisotropic etching to be parallel 
with the square substrate sides: a cantilever insulation 
layer 147 having the free open end 149 projecting over 
the cavity portion 1 43; the zigzag-pattern thin-layer resis- 
tor 144 with the terminals 145 and 146 formed on the 
cantilever insulation layer 147; and the insulation layer 
150. 



The flow sensor of Figs. 33A and 33B is similar to 
the flow sensor of Figs. 31 A and 31 B and differs only by 
that the resistor 1 44 is supported at one end on the sub- 
strate and projects over the cavity portion 143 and fluid 

5 to be sensed flows in the direction indicated by arrow Q 
parallel to the sides of the square substrate 140. 

Figs. 34A and 34B are views tor explaining examples 
of driving circuits of a flow sensor according to the 
present invention. Rg. 34A is a constant current drive 

10 circuit and Fig.34B is a constant voltage drive circuit. In 
these drawings, there are shown a constant cun^ent 
source 1 51 A, a constant voltage source 1 51 B, a sensing 
element 152 (corresponding to the resistor 134 of Figs. 
31 A. 31 B and the resistor 144 of Figs. 33A, 33B). 

15 In the constant current drive circuit of Fig. 34A, the 
constant current source 151 A Is connected with the 
sensing element 152 through a switch SW having con- 
tacts a, b and c. An output voltage Vout across the sens- 
ing element is detected. When the switoh SW turns on 

so its contact a. the sensing element 1 52 is connected par- 
allel to the resistor R to be driven with a current for low- 
temperature heating. When the switch turns on its con- 
tact b, the sensing element 1 52 is driven with a current 
for high-temperature heating. When the switch turns to 

25 contact c, the circuit is open to stop heating. 

In the constant voltage drive circuit of Fig. 34B. the 
constant voltage source 1 51 B, reference resistor Ro and 
the sensing element 152 are connected in series with 
each other through a switch SW having contacts a, b and 

30 c. An output voltage Vout develops across the reference 
resistance Ro. A resistor R or a corresponding potential 
zener diode is connected in series with the contact "a" 
of the switch SW to form a driving circuit for low temper- 
ature heating. When the switch SW turns to contact b, 

35 the sensing element 152 is connected directly to the 
source omitting the resistor to form a driving circuit for 
high temperature heating. When the switch turns to con- 
tact c, the circuit is open to stop heating. 

Figs. 35A and 358 are views for explaining the oper- 

40 ation of a pulse drive circuit of a flow sensor according 
to the present invention. Fig. 35A illustrates a waveform 
of a driving current pulse and Fig. 35B illustrates a wave- 
form of an output voltage when driving the sensing ele- 
ment by using the current pulse shown Fig. 35A. 

45 Fig. 35A is illustrative of a correlation between 
switching time and current to be supplied to the sensing 
element when a switch SW of the constant current drive 
circuit of Fig. 34A switches its contacts a, b and c at spec- 
ified respective intervals. A period "a-d" is to heat the 

50 sensing element at low temperature by applying thereto 
a small current of 2 mA, a subsequent period "b-d" is to 
heat the sensing element at high temperature by apply- 
ing thereto a large current of 8 mA and a further subse- 
quent period "c-d" is to pause the heating by opening tiie 

55 source circuit. Fig. 35B shows an output voltage of the 
sensing element 153, where P and Q are time points at 
which the cutout voltage becomes stabilized, i.e., timing 
points for output measurement. 



16 



. <EP 0698786A1J_> 



31 



EP0 698 786A1 



32 



Figs. 36Ato 36D are illustrative of the operation prin- 
ciple of the flow sensor according the present invention 
when temperature of fluid to be sensed varies and when 
the flow rate of fluid varies. Fig. 36A shows variation of 
temperature of fluid with time. Fig. 36B shows variation 5 
of flow rate of fluid with time, Fig. 36C shows a waveform 
of cun^ent applied to the sensing element and Fig. 36D 
shows waveforms of detection output voltages measured 
when temperature of fluid changed and when flow rate 
of fluid changed. 10 

As shown in Fig. 36C, a current to be supplied to the 
sensing element 1 52 is a pulse consisting of a small cur- 
rent (2 mA) and a subsequent large current (8 mA). which 
is repeatedly supplied at specified intervals of pause. In 
the shown case, the current failse is supplied one for is 
each period (to-ti , ti-tz, t2-t3). On the other hand, the fluid 
temperature varies from a constant temperature L2 
(SO'C) to a temperature LI (20'C) or L3 (40«'C) for a 
period ti-t2 as shown in Fig. 36A. and the fluid flow rate 
varies from a constant level L5 (2 liters per hour) to a 20 
level L4 (0 liter per hour) or L6 (4 liters per hour) for a 
period ta-ta- 

Namely, there is no change in both the fluid tenrper- 
ature and the fluid flow rate for the period to-ti , a change 
in the fluid temperature occurs for the period ti-ta and a 2s 
change in the fluid flow rate occurs for the period trU- 

Accordingly, the detection output voltage takes a 
waveform (L2. L5) corresponding to the constant tem- 
perature and constant flow rate for the period to-ti and a 
waveform (LI or L3) corresponding to the change of the so 
fluid temperature for the period ti-t2. 
The ou^ut voltage at the small driving current is sub- 
tracted from the output voltage at the large driving cur- 
rent for each case. These subtraction results are the 
same constant values. It is apparent that there is no dif- 3S 
ference between the differential output voltages in regard 
to temperature variations. 

The output voltage becomes L4 or L5 or L6 in accord- 
ance with the fluid flow-rate for the period t2-t3. but the 
output voltage at a small driving current does not vary 40 
with a change of the flow rate because the temperature 
being constant. Since the change of the output voltage 
of the sensing element at large driving current is caused 
by the effect of heat radiation with the fluid flow, the dif- 
ference between two output voltages at the small current 45 
and the large current corresponds to the fluid flow rate. 
Practically, the fluid to be sensed may change its flow 
rate and temperature at a time. Namely, it may have both 
variations in temperature (for period ti-tz) and flow rate 
(for period ta-ta) for each detection period. Therefore, a so 
change of the fluid flow rate can be detected by subtract- 
ing the detection voltage at the small driving current (a 
change in temperature of the fluid to be sensed) from the 
detection voltage at the large driving current (a change 
in flow rate and temperature of the fluid to be sensed). ss 

Figs. 37A and 37B show further examples of driving 
current waveforms and output voltage waveforms of a 
flow sensor according to the present invention. When the 
sensing element is driven with a triangular (sawtooth) 



current proportional to time for a period ti-t2 as shown in 
Fig. 37A an output voltage with a time lag is detected as 
shown in Fig. 37B. Similarly to the case of Fig. 358, the 
voltages produced by applying a small driving cun-ent 
and a large driving current are measured at measure- 
ment time points P and Q whereat the resistor's temper- 
ature is stabilized. By doing so, it is possible to determine 
the flow rate in the same way as the foregoing embodi- 
ment. Driving the sensing element with a constant saw- 
tooth current eliminates the possibility of influence of the 
resistors R, Ro shown in Figs. 34A. 348 and enables to 
use only one power source which can be precisely man- 
ufactured and requires only setting measurement time 
points P and Q. 

Figs. 38A and 388 are illustrative of current wave- 
foms for driving a sensing element of a ftow meter 
according to the present invention. Fig.38A shows a 
waveform of an approximately triangular pulse of current 
whose variation decreases convexly with time. Fig. 388 
shows waveform of an approximately triangular pulse of 
current whose variation increases concavely with time. 
These pulses may be used in the same way as the trian- 
gular pulses of Fig. 37A if a stabilized power source is 
available. 

Rg. 39 is an electrical circuit diagram showing an 
example of a driving circuit of a flow meter according to 
the present invention. In Fig. 39. 152 is a sensing resis- 
tor, 153 is a circuit (constant current circuit) for supplying 
a constant current to the sensing element. 154 is a 
detecting circuit for detecting the output of the sensing 
element 152 . 155 is a coefficient setting circuit. 156 is a 
hold circuit. 1 57 is a sufcrtraction circuit and 1 58 is an out- 
put terminal. 

The constant current circuit 153 is connected in 
series with a sensing element 152 and reference resistor 
Rr with a grounded end. The voltage of the reference 
resistor Rr is fed back to an inverting input terminal of 
the constant currentcircuit 153. Anon-inverting input ter- 
minal of the constant current circuit 1 53 is connected with 
a switch SWi which has contacts "a " and "b" for supply- 
ing reference voltages VrefI and Vref2 respectively 
and a grounded contact "c". These reference voltages 
VpEpI and Vrep2 are set as follows: 

VrepI =2Rr(mV) (7) 

V ref2 = 8Rr (mV) (8) 

The connecting point of the output terminal of the 
constant-current circuit 1 53 and one terminal end of the 
sensing element 1 52 are connected to an invering input 
terminal of the detecting circuit 1 54, and the other termial 
end of the sensing element 1 54 is connected to the non- 
inverting input terminal of the detecting circuit 154. An 
output terminal of the detecting circuit 154 is connected 
to a switch SW2 which has contacts "a" and "b": the con- 
tact "a" is used for setting a coefficient Kfor converting 
a low heating temperature (not to cause the resistance 
to be heated) to an ambient tenrperature when calculat- 
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ing a flow rate, for example, by connecting thereto the 
coefficient setting circuit 155 which can vary a multiple 
factor in accordance with a set value of the coefficient K, 
and contact "b" is connected to an input terminal of the 
subtraction circuit 157 for inputting thereto an output volt- 5 
age Vq when a large current is supplied for heating at a 
high temperature. 

A switch SW3 having contacts "a" and "c" and the 
hold circuit 1 56 are provided between the coefficient set- 
ting circuit 155 and the subtraction circuit 157. The con- jo 
tact "a" of the switch SW3 is connected to the hold arcuit 
156. 

The switches SW,, SW2, SW3 of the thus con- 
structed driving circuit are interlocked with each other 
and operate with changing-over their respective contacts is 
"a", "b", "c" at a time. When a switch turns on its contact 
"a", a voltage equal to the reference voltage Vrefl is 
applied to the reference resistor Rr connected to the 
inverting terminal of the constant current circuit 1 54 and 
a constant cun-ent of 2 mA flows through the sensing ele- 20 
ment 153. Similarly, when the switch turns on its contact 
"b", a voltage equal to the reference voltage Vref2 is 
applied to the reference resistor Rr and a cun-ent of 8 mA 
flows through the sensing elementlSS. 

Rgs. 40 A to 40H are illustrative of waveforms of volt- 25 
ages at con-esponding portions of the driving circuit 
shown in Fig. 39. Referring now to Fig. 39 and Figs. 40A 
to 40H. the operation of the driving circuit will be , 
described as follows: 

The switch S W 1 (together with the switches SW2 and 30 
SW3) operates to close its contact "a" and open contact 
"b" by corresponding driving voltage pulses of wave- 
forms shown in Figs. 40A and 40B at intervals of ti to ta 
and t2 to t3. A driving current of 2 mA and 8 mA shown 
as "is" in Fig. 40C follows through the sensing element 3S 
152 in accordance with above-mentioned switching 
operations. When the contact a is closed, a voltage Vs. 
which is proportional to an ambient temperature and has 
a waveform shown in Fig. 40D. appears at the contact 
"a" of the switch SW2. The voltage Vs is inputted into the 4o 
coefficient setting circuit which in turn multiplies the volt- 
age by a preset coefficient K and outputs the resultant 
voltage V's (=KVs) shown in Fig. 40E. Since the output 
voltage Vs produced by closing the contact "a" of the 
switch SW2 is not correctly proportional to an ambient 4S 
temperature, it is corrected by the coefficient K which is 
given by the following equation: 

K = (V □ - change by humidity)A's (9) 

50 

The hold circuit 156 outputs a voltage Vs" being 
equal to the voltage Vs' (=Vs") shown in Fig. 40F The 
subtraction circuit 1 57 receives the voltages Vp and V"s 
and generates at the terminal 158 an output voltage V 
shown in Fig. 40H, which is proportional to a flow rate. 55 

V = Vd-Vs" (10) 



Fig. 41 is a block diagram showing another exam- 
ple of another driving circuit of a flow nneter according to 
the present invention. In Fig. 41 , 159 is a voltage detec- 
tion circuit, 160 is a current detection circuit and 161 is 
a dividing circuit. Other parts similar in function to the 
parts shown in Fig. 39 are given like reference numerals. 

The driving circuit of Fig. 41 is to detect a flow rate 
by a change of resistance in the sensing element 152. 
Whenever the sensing element 1 52 is driven with a small 
current and a large current, the voltage detection circuit 
159 detects a voltage across the sensing element 152 
and inputs it into a subtraction circuit 161. On the other 
hand, the current detection circuit 1 60 detects a voltage 
across the reference resistor Rr having a known resist- 
ance and inputs it into the subtraction circuit 161 which 
in turn calculates the resistance value of the sensing ele- 
ment 152. 

The circuitry (behind the switch SW2) operates on 
the principle similar to the driving circuit of Fig. 39 and 
calculates a flow rate by subtracting a voltage produced 
by driving with a small current pulse from a voltage pro- 
duced by driving with a large cun-ent pulse. 

Rgs. 42 A to 42 E show a timing chart for explaining 
the driving operation of a flow meter according to the 
present invention. Fig. 42A indicates a driving current 
pulse corresponding to the driving pulse shown in Fig. 
35A. Fig. 42B indicates a waveform of a driving sawtooth 
current corresponding to the driving current shown in Fig. 
37A. Fig. 420 shows a series of clock pulses. Fig. 42D 
shows a measurement ON-OFF signal and Fig. 42E 
shows a reset signal. 

Time points P, Q shown in Figs. 35B and 37B are 
determined on condition that an output voltage of the 
sensing element 152 is stabilized. A measurement start 
timing point "ta" in case of low-temperature driving and 
a measurement start timing point "tb" in case of high- 
tenperature driving can bedetermined direcUy if a timing 
point "to" for thermally driving the sensing element 152 
is determined. 

Namely, the measurement timing points P and Q are 
determined as the time "ta" and the time "tb", respec- 
tively, i.e., "ta" is a duration to a time point "a" at which 
driving pulse waveform of Fig. 42A or the driving ssa- 
tooth waveform of Fig. 42B intersects line A-A, and tt,' " 
is a duration to a time point "b" at which intersects line 
B-B. 

A driving period from t^ toti and a pause period from 
ti and t2 are determined by measurement ON-OFF sig- 
nals shown in Fig. 42D, and a reset signal shown in Fig. 
42E is generated at the time ti whereat driving the sens- 
ing element is completed. All these timing point ta, tb. ti. 
t2 are also measured and defined by counting clock 
pulses as shown in Fig. 42C. 

Fig. 43 is an electrical block diagram showing an 
example of timing-signal generating method accotding 
to the present invention. In Fig. 43, 162 is a clock pulse 
generating circuit, 163a, 163b, 163c are counters and 
164 is a reference voltage (driving current) generating 
circuit. 
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The clock pulse generating circuit 162 generates 
clock pulse signals shown in Fig. 42C. When the counter 
circuit 163a counts the preset number of clock pulses 
con-esponding to the time (period) "ta", it generates a tim- 
ing pulse "a" to start measurement. Similarly, when the s 
counter circuit 163b counts the preset number of dock 
pulses corresponding to ttie time (period) tb. it generates 
a timing pulse "b" to start measurement. The counter dr- 
cuit 163c outputs a timing pulse corresponding to the 
driving time ti for a messurement ON-OFF signal and a »o 
timing pulse corresponding to the pause time t2- The 
counter circuits 163a and 163b are reset and counting 
circuit of these counter circuit are closed by a pulse sig- 
nal defining the time 1i. Gates of the counter circuits 163a 
and 1 63b are opened by a pulse defining the time t^. At is 
the same time, the reference-voltage generation drcuit 
1 64 is driven to generate a reference voltage (driving cur- 
rent) for driving the sensing element. 

Fig. 44 shows an example of a reset circuit and Figs. 
45A to 45D are illustrative of a time chart of the reset so 
circuit shown in Fig. 44. When a measurement ON-OFF 
signal (output signal of the counter 163c) of Fig. 45B is 
applied to an input terminal D of a delay flip-flop circuit 
165. an output corresponding to the ON-OFF signal is 
given with a time lag of 1 clock pulse as shown in Fig. ss 
45C. A reset signal of a clock-pulse width shown in Fig. 
45D is generated as an AND-output (output of the AMD- 
circuit 167) from an inverted signal (output of the invert- 
ing drcuit 166) and an output of the flip-flop 165. 

Fig. 46 is illustrative of a block circuit diagram of a 30 
sawtooth-cun-ent drive circuit for driving a sensing ele- 
ment according to the present invention, which includes 
a resistore Ro for receiving the reference voltage E, an 
integrating circuit composed of said resistance Ro, a 
feedback condenser Co and an operating anplif ier 1 68, as 
and a switch 1 69 for discharging the feedback condenser 
according to a reset signal. This driving circuit generates 
a sawtooth voltage Vi that is proportional to time t within 
the period defined by a reset signal. 

40 

Vi =(E/Ck)Ro)-t (11) 

The voltage Vi is applied to a constant cun-ent cir- 
cuit composed of the operational amplifier 1 70 having a 
reference resistance Rr and four resistances Ra equal 45 
to the input resistance. A constant sawtooth current "i" 
proportional the voltage Vi flows to a sensing element. 
The current "i" is determined according to the following 
equation (12): 

i_^ = JLx-i-xt (12) 
RS Rs CoRo ^ ' 

Fig. 47 is a block circuit diagram for explaining an 
example of a flow-rate measuring circuit using a sensor 
element with a sawrtooth current drive according to the ss 
present invention, which includes amplifier drcuits 171 
and 1 72, a coefficient setting drcuit 1 73, hold circuits 1 74 
and 175 and a subtraction circuit 176. 



When a constant sawtooth current "i" determined by 
the equation (12) flows through a sensing element 152. 
a voltage is developed across the sensing element 152 
and enters into the amplifier circuits 171 and 172 con- 
nected in parallel to the sensing element. The amplifier 
circuit 171 is used for measuring an output voltage Vs 
produced at a small driving current and is provided with 
the coefficient setting drcuit 173 and the hold circuit 1 74 
connected in series thereto. The amplifier circuit 172 is 
provided to measure an output voltage Vq produced at 
a large driving current and the hold drcuit 175 is con- 
nected thereto. 

The hold drcuit 1 74 holds, with a meiasurement tim- 
ing pulse "a", a corrected voltage Vs' which is obtained 
by multiplying the output voltage Vs produced at a small 
driving current by the coefficient K. The hold circuit 175 
holds, with timing pulse "b". a voltage Vq produced at a 
large driving current. 

The output voltage Vs" (= Vs") produced at the small 
driving current, which is hold by the hold circuit 174, and 
the output voltage Vp produced at a large driving current, 
which is hold by the hold circuit 1 75, are entered into the 
subtraction circuit 176 which subtracts the voltage Vs" 
from the voltage Vq and generates resultant voltage V 
Ijeing proportional to the flow rate. Assuming that the 
small driving current for heating the sensing element at 
low temperature is 2 mA and the large driving current for 
heating the sensing element at high temperature is 8 mA, 
constants Co, Ro, Rs and E of the circuit are determined 
from the equation (12) in such a way that 2 mA at t= ta 
and 8 mA at t= tb may be assured. 

Fig. 48 is an electrical circuit diagram for explaining 
another example of a flow-rate measuring circuit with a 
saw-tooth current drive according to the present inven- 
tion. In Fig. 48, there are shown a reference voltage gen- 
erating circuit 177, an amplifier circuit 178, an A-D 
converter 179 and a CPU (central processing unit) 180. 
Other parts similar in function to the parts shown in Fig. 
46 are given like reference numerals. 

The flow-rate measuring circuit of Fig. 48 uses clock 
pulses from a clock of the CPU 180 as timing signals 
(i.e., measurement ON-OFF signal, measurement timing 
signals "ta" and "tb " and reset signal). The CPU 1 80 has 
storing function and, therefore, eliminates the necessity 
of providing a special hold circuit for holding output volt- 
ages sensed at a low temperature and a high tempera- 
ture. The output voltages of a sensing element 152 are 
amplified by an amplifier circuit 1 78 to specified voltage 
values which are then converted by the A-D converter 
179 into digital values. The CPU reads and store digital 
values of the detected voltages according to the timing 
signals "ta" and "tb" and then sets coefficients and per- 
forms arithmetic operations on the digital data, easily 
determining the flow rate. 

Hg. 49 is a view for explaining an example of a flow- 
rate measuring drcuit of a sensing element according to 
the present invention, which is featured by using a volt- 
age pulse for driving the sensing element. In Fig. 49. 
numeral 181a designates a first reference voltage gen- 
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erating circuit, numeral 181 b designates a second refer- 
ence voltage generating circuit and numeral 182 
designates a constant voltage circuit. Other parts similar 
in function to the parts shown in Fig. 48 are given like 
reference numerals. 

The first reference voltage generating circuit 181 A 
is a constant voltage circuit which applies a lowreference 
voltage Vp^pl to a sensing element 152. The second 
reference voltage generating circuit 181B is a constant 
voltage circuit which applies a high reference voltage 
Vpef2 to a sensing element 152. Each constant voltage 
circuit is connected to contacts "a" and "b" of a switch 
SWi which is operated by timing pulses from a terminal 
Pol of a CPU 180 and has a grounded contact "c." The 
switch SWi is also connected to a non-inverting input of 
the constant voltage circuit 182. 

The constant voltage circuit 1 82 is loaded with a ref- 
erence resistance Rr and the sensing element 1 52 which 
is connected at one end in series with the reference 
resistance Rr and at one end to the ground. The con- 
necting point is connected to an inverting input terminal 
of the constant-voltage circuit 182. 

In the constant voltage circuit 182, a voltage Vs 
across the sensing elemerrt 152 is equal to a voltage 
applied to corresponding contact of the swritch SWi, i.e.. 
a constant output voltage is supplied: Vs = Vp^pl when 
contact "a" is selected; 

Vs = Vref2 when contact "b" is selected; 
Vs = 0 when contact "c" is selected. 

When the voltage Vs of the sensing element 152 
having resistance Rs is constant, a current "is" flowing 
through the reference resistor Rr is equal to Vs/Rs and 
a current corresponding to the resistance Rs flows 
through the sensing elemerrt 1 52. For instance, when the 
resistance Rs varies under the influence of temperature 
or flow rate of fluid, the current "is" flowing in the resist- 
ance Rs varies correspondingly. This current "is" is 
detectedasavoltage Vr(=isx Rr) by an amplifier circuit 
178. 

Fig. 50 shows a time chart for explaining the opera- 
tion of the circuit of Fig. 49. on the assumption that Vrep1 
= 0.5V and VrefS = 4.5V. In this case. Vs = 0.5V is 
applied for a period ti the contact "a" of the switch SW1 
being closed. Vs=4.5 is applied for a period t2the contact 
"b" of the switch SWi being closed, and a pause (with 
no driving voltage] is produced for a period ta the contact 
"c" being selected. Driving pulses similar to those of Fig. 
35A are obtained. The sensing element is heated at a 
low temperature while the switch SWi closes its contact 
"a". This corresponds to the case of heating with a con- 
stant cunent of 2 mA. The sensing element is heated at 
a high temperature while the switch SWi closes its con- 
tact "b". This corresponds to the case of heating with a 
constant cun-ent of 8 mA. 

Fig. 51 is a plan view for explaining another example 
of a flow sensor embodying the present invention. In Fig. 
51, there are shown a substrate 184, insulation layer 185, 
a cavity portion 186, a heating resistor 187, a sensing 
resistor 188 and a micro-bridge 189. 



As shown in Fig. 51, this flow sensor is composed 
of the semiconductor substrate 184 having the cavity 
portion 186 and the micro-bridge 189 of insulation layer 
formed perpendicular to the flow direction on the sub- 

5 strate, the zigzag-patterned heating resistor 187 formed 
on the micro-bridge 189 and the zigzag-patterned tem- 
perature-sensing resistor 188 disposed inside the heat- 
ing resistor 189. The sensor is intended to measure a 
fluid flow by using two resistor at a time. 

10 Fig. 52 is an electrical circuit diagram of the flow 
meter shown in Fig. 51 . In this case, the flow measure- 
ment can be performed by sensing an output voltage 
Vout that is developed across terminals B-C of the tem- 
perature sensing resistor 1 88 by applying a consent cur- 

15 rent to the heating resistor 187. It is also possible to 
control a current flowing in the resistor 188 so as to 
always maintain a constant output voltage Vout across 
the terminals B-C while the fluid flow and to convert the 
controlled value of current to the flow rate. 

20 Fig. 53 is a perspective view for explaining another 
example of a flow meter according to the present inven- 
tion. In Ftg.53, there are shown a silicon substrate 190, 
cavity portions 191 and 192, oxide film substrates 193 
and 194, resistors 185 and 186. This flow meter also 

25 uses two resistors 195 and 196 at a time to measure a 
flow rate of a fluid. 

The flow-rate sensing element shown in Figs. 31 A 
and 31 B has a single sensing element being a resistor 
134 of micro-bridge configuration, which is continuously 

30 heated first at a low temperature and subsequently at a 
high temperature for, e.g., 50 ms each. Practically, such 
a sudden change of an atmosphere may not occur, but, 
ideally, it is desired to heat a single sensing element 134 
at a low temperature and a high temperature at the same 

35 time and to detect a difference of resistance values. How- 
ever, it is impossible to heat the sensing element of Figs. 
31 A and 31 B at the same place simultaneously at a low 
temperature and a high temperature. 

Figs. 54A to 54D show a time chart for determining 

40 a flow rate by using the sensors of Figs. 51 and 53. 

As Shown in Fig. 54A. a sequence of equally spaced 
clock pulses (ai, 32, aa ...) are generated at a fixed time 
interval from a clock circuit (not shown). 

Fig. 54B shows that a series of small current pulses 

45 (bi, b2. b3 ...) in synchronism with the clock pulses (ai, 
82. 33 ...) are generated to heat the resistor 188 (196) at 
a low temperature to produce and measure a resistance 
value being proportional to a temperature. 

Fig. 54C shows that a series of large current pulses 

so (ci. C2. Ca ...) in synchronism with clock pulses (ai. az, as 
...) are generated to heat a resistor 188 (195) between 
terminals B-A at high temperature to produce and meas- 
ure a resistance value being proportional to a tempera- 
ture and a flow rate. 

55 Fig. 54D shows a series of flow-rate sensed pulses 
(di, d2. da ■■) which amplitude is proportional tof luid flow 
rate and which in synchronism with the clock pulses (ai, 
32. as ...) are obtained by subtracting the resistance 
value of the resistor 1 06 heated at low temperature from 
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the resistance value of resistor 105 heated at high tem- 
perature by the use of a flow-rate calculation circuit (not 
shown). 

Figs. 55A to 55C show another time chart for deter- 
mining a flow rate by the use of the flow rate sensor of 
Fig. 53. Clock pulses (ai, slz. as ...) shown in Fig. 55A 
have the same intervals as those of Rg. 54A and are 
used for synchronizing the operations of circuits driving 
the resistors 195 and 196. 

The driving method with the time chart of Figs. 55A 
to 55C is a further improvement of the driving method 
with the time chart of Figs. 54A to 54D. The improved 
driving method is to simultaneously drive the resistor 1 95 
at a high temperature and the resistor 196 at a low tem- 
perature for a specified period and to subsequently drive 
the resistor 195 at the low temperature arxl the resistor 
196 at the high temperature for a specified period, mak- 
ing each resistor senses a temperature and a tempera- 
ture plus a flow rate alternately. 

While the resistor 196 between terminals B-C is 
heated with a current pulse bi at a low temperature in 
synchronism with a clock pulse (ai) of Fig. 55A. the resis- 
tor 195 between terminals B-A is heated with a current 
pulse (Ci) at a high temperature. At the time of dock 
pulse ai. a flowrate-sensed pulse (not shown) is deter- 
mined by subtracting a temperature-sensed resistance 
value obtained by heating with the pulse b1 from a tem- 
perature-flowrate-sensed resistance value obtained by 
heating with the pulse Ci. At the subsequent time of clock 
pulse a2, a flowrate-sensed pulse is determined by sub- 
tracting a temperature-sensed resistance value obtained 
by heating with the pulse C2from a temperature-f lowrate- 
sensed resistance value obtained by heating w'rth the 

pulse \32- 

As apparent from the foregoing, the present inven- 
tion provides following advantages: 

(1) Any conventional separate arrangement of a 
heat-generating element and a heat-receiving ele- 
ment (at a distance therebetween) can not detect 
quick change in flow rate. On the contrary, the flow 
sensor according to the present invention can accu- 
rately detect a fast varying flow rate of the fluid. 

(2) Following-up control for temperature compensa- 
tion is faster than conventional one since the sensing 
element has an excellent thermal response charac- 
teristic. 

(3) Conventional method conducts temperature 
detection at 2 or 3 places. Temperature compensa- 
tion, therefore, may be of no use if the ambient tem- 
perature is different at respective places. On the 
contrary, the present invention provides that a single 
element detects all at one place, assuring correct 
temperature compensation even if the ambient tem- 
perature distribution being sharply variable. 

(4) In contrast to the arrangement of several micro- 
bridges in which upstream resistor may disturb a 
flow of fluid or resist the fluid flow, a single-element 



device can accurately measure the flow rate without 
distuit>ing the flow. 

(5) Use of a single sensing element eliminates the 
necessity of matching with other elements. This may 

5 increase the yield of production of the elements 
because of lightened requirements on variations in 
resistance and temperature rising characteristics. 

(6) The self-compensating (for temperature) detec- 
tion system can attain high accuracy of micro-flow 

10 measurement because of no element requiring 
accurate arrangement. 

(7) variation in temperature distribution of respective 
heating element in itself scarcely effects the meas- 
urement. This may increase the yield of production 

15 of heating elements (therefore, flow sensors). 

(8) Use of a single sensing element makes it possi- 
ble to save the size of a sensor (sut>strate) not to 
prevent the flow of fluid to be sensed. The number 
of wires is also fairly reduced (to 2 - 4 wires) in com- 

20 parison with any conventional device. The single- 
element type flow-sensor according to the present 
invent ion is very compact and inexpensive to man- 
ufacture and is adapted to use in monitoring a 
minute flow distribution. 

25 (9) The flow sensor consumes a reduced electric 
power. 

(10) The flow sensor can be freely mounted. 
Claims 

30 

1. An atmosphere measuring device for sensing a 
specified gas in an atmosphere according to a 
change in resistance of a resistor heated in an ambi- 
ent atmosphere, comprising a specified temperature 

35 driving circuit for heating the resistor (61 ) at a spec- 
ified temperature whereat the resistance of the 
resistor (61) does not sense a gas existing in the 
atmosphere; a high-temperature driving circuit for 
heating the resistor (61) at high temperature 
40 Whereat the resistance of the resistor (61 ) varies by 
the effect of the ambient temperature and a specified 
gas; a comparator circuit (68) for comparing with 
each other two voltages generated across the resis- 
tor (61) at the high temperature and the low temper- 
as ature. characterized by sensing a density of the 
specified gas contained in the atmosphere from an 
output voftage of the comparator circuit. 

2. An atmosphere measuring device according to 
so Claim 1, characterized in that it further includes a 

ON-OFF signal generating circuit (SWi) for deter- 
mining a high-temperature and a specified-temper- 
ature heating periods and a heating-OFF period 
(pause): a reference electric power generating cir- 
55 cuit for heating the resistor (61 ) in synchronism with 
the high temperature and the specified temperature 
heating periods; time measuring circuits (81a. 81b) 
for determining a timing to read a voltage represent- 
ing a resistance value of the resistor heated to a 
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specified temperature and a higli temperature in 
synchronism with the specified and the high temper- 
ature heating cycles; voltage measuring circuits (70, 
71 ) for reading a voltage produced by the resistor in 
synchronism with the timing signal for reading a 
resistance value of the resistor; a coefficient setting 
circuit (66) for setting a coefficient for compensating 
a voltage produced by the resistor heated to the 
specified temperature by multiplying It by the coeffi- 
cient to otitain and output a voltage corresponding 
to an ambient temperature; a memory circuit (67) for 
storing the compensated voltage and a subtraction 
circuit (68) for subtracting the memorized compen- 
sating voltage from a voltage produced by the resis- 
tor heated to the high temperature; and it determines 
a density of a specified gas in the atmosphere in pro- 
portion to the output of the subtraction circuit. 

3. An atmosphere measuring device according to any 
one of Claims 1 and 2, characterized in that the 
resistor (105 or 106) is a thin heating wire capable 
of generating heat by applying an electric power 
thereto, which is formed to a micro-bridge (103 or 
104) supported at both ends by electro-conducting 
pins with insulation in an atmosphere to be meas- 
ured. 

4. An atmosphere measuring device according to any 
one of Claims 1 to 3. characterized in that a heating 
cyde of the resistor comprises a specified tempera- 
ture and high temperature heating period for heating 
the resistor at the specified temperature and the high 
temperature and a heating-OFF period for allowing 
a resistance value of the resistor to return to at least 
a resistance value at an ambient temperature. 

5. An atmosphere measuring device according to any 
one of Claims 1 to 4, characterized in that electric 
power for heating the resistor for the specified tem- 
perature heating period and the high temperature 
heating period is applied in the form of a low-crest 
pulse of voltage or current and a high-crest pulse of 
voltage or current to be outputted directly after the 
low-crest pulse of voltage or current. 

6. An atmosphere measuring device according to any 
one of Claims 1 to 4, characterized in that electric 
power for heating the resistor for the specified tem- 
perature heating period and the high temperature 
heating period is applied in the form of a saw-tooth 
voltage or current. 

7. An atmosphere measuring device comprising an 
atmosphere sensor having a substrate including 
therein two neighboring cavities (101, 102) of the 
same size and form an equivalent resistors (105, 
1 06) connected in series to each other and arranged 
in form of a micro-bridge (1 03 , 1 04) in the top surface 
of each of the cavity; a clock circuit for generating 



dock pulses for providing a timing to simultaneously 
drive resistors of the atmosphere sensor; driving cir- 
cuit for outputting a low power pulse for heating one 
of the resistors and a high power pulse for heating 

5 the other resistor in synchronism with the clock 
pulse; an arithmetic drcuit for comparing two resist- 
ance values produced in the resistors respectively 
at a specified tenperature and at a high temperature 
and calculating a density of a specified gas accord- 

10 ing to the comparison result. 

8. An atmosphere measuring device according to 
Claim 7, characterized in that the driving drcuit in 
synchronism with the dock pulses from the clock cir- 

15 cuit drives the connected in series resistors not 
simultaneously at the specified or high tenperature, 
but alternately one after the other to repeat a cycle 
of the specified temperature driving and the suk>se- 
quent high-temperature driving. 

20 

9. An atmosphere measuri ng method whereby a single 
resistor is inserted in a gas flow to be measured, a 
small current unable to heat is supplied to the resis- 
tor anda resistancethereof is measured, a large cur- 

2S rent is sidssequently supplied to heat the resistor and 
a resistance thereof is measured, and a flow rate of 
gas is determined by subtrading the resistance 
measured without heating from the resistance 
measured with heating. 

30 

1 0. An atmosphere measuring method whereby a single 
resistor is inserted in a gas flow to be measured, a 
slowly increasing current is supplied to the resistor, 
a resistance produced in the resistor at a small cur- 

35 rent unable to heat the resistor and a resistance pro- 
duced in the resistor at a large current enough to 
heat the resistor are measured and a flow rate of the 
gas is determined by subtrading the resistance 
measured at small current from the resistance 

40 measured at large cun-ent. 

11. A flow measuring device comprising a substrate 
having a cavity (133) therein, a thin insulation layer 
(1 37) formed in the form of a bridge across an upper 

45 part of the cavity, a single resistor (134 = 152) dis- 
posed on the thin insulation layer, means for sensing 
a resistance value of the resistor (152) by applying 
thereto a small current or voltage insufficient to 
cause a heat therein, means for sensing a resist- 
so ance value of the resistor heated by applying a large 
current or voltage thereto, means (157) for subtract- 
ing the sensed resistance value of the resistor at the 
small current or voltage from the sensed resistance 
value of the resistor at the large current or voltage. 
55 charaderized by determining a flow of gas to be 
measured according to the subtraction result. 

12. A flow measuring device according to Claim 11, 
charaderized in that it further includes a repeatable 
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cyde consisting of a flow measuring period with sup- 
plying a small current and a subsequent large cur- 
rent and a pause period with supplying no current, 
said pause period being longer frian a time neces- 
sary for returning a temperature of the resistor to a s 
temperature of gas to be sensed. 

13. A flow measuring device according to Claim 11, 
characterized in that a voltage or a current to be sup- 
plied to the resistor forthef low measurement period io 
is of low-crest pulse and of a high-crest pulse to be 
outputted directly after the low-crest voltage or cur- 
rent pulse. 

14. A flow measuring device according to Claims 11. is 
characterized in that a voltage or current to be 
applied to the resistor for the flow measuring period 

is a saw-tooth voltage or current. 

15. A flow measuring method which uses two resistors 
inserted in a gas flow to be measured, simultane- 
ously applies a small current or voltage b^ng short 
of heating to one of the resistors and a large cun^ent 
or voltage enough to heat to the other resistor, simul- 
taneously determines resistance values of the both 
resistors, calculates a difference between two meas- 
ured resistance values and determines a flow rate 
of the gas from the differential resistance value. 

16. A flow measuring device comprising a substrate 
having a cavity (1 86) engraved therein, a thin insu- 
lation layer (189) formed in the form of a bridge 
across an upper part of th e cavity, two resistors ( 1 87 , 
188) disposed on the thin insulation layer, means for 
simultaneously applying a small current or voltage 
being short of heating to one of the resistors and a 
large current or voltage enough to heat to the other 
resistor, means for subtracting the one measured 
resistance value from the other measured resist- 
ance value, characterized by determining a flow of 
the gas from the obtained diffa-ence of the resist- 
ances. 

1 7. A flow measuring device which includes a substrate 
having cavities (191 . 1 92) engraved therein, two thin 
insulation layers (1 93. 1 94) bridged across a top part 
of the cavity, two resistors (195. 196) disposed on 
the respective thin insulation layers, means for 
simultaneously applying a small current or voltage 
being short of heating to one of the resistors and a 
large current or voltage enough to heat to the other 
resistor, means for subtracting the one measured 
resistance value from the other measured resist- 
ance value, and which determines a flow of gas from 
the obtained difference of the resistance values. 

18. A flow measuring device according to any one of 
Claims 16 and 17. characterized in that it further 
includes a clock-pulse generating circuit for gener- 



ating clock pulses for providing a timing to simulta- 
neously drive two resistors; a small power pulse 
generating circuit for applying a small current or volt- 
age to one of the resistors in synchronism with the 
dock pulse; a large power pulse generating drcuit 
tor applying a large current or voltage to the other 
resistor in synchronism with the clock pulse; means 
for comparing two resistance values of the resistors 
obtained at the small power pulse and at the large 
power pulse, and it determines a flow rate of the gas 
from the corrparison results. 

19. A flow measuring device according to any one of 
Claims 16 and 17. characterized in that a small 
power pulse and a large power pulse are alternately 
applied to one of the resistors and a large power 
pulse and a small power pulse are alternately 
applied to the other resistor in synchronism with the 
dock pulses from the clock drcuit. 
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